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ABSTRACT
T ra ce r  s t u d i e s  on n i t r o g e n  t r a n s f o r m a t i o n s  were  made i n  Crowley  s i l t  
loam in c u b a t e d  under l a b o r a t o r y  c o n d i t i o n s  f o r  a p e r i o d  o f  f o u r  m on ths .  
Ammonium s u l f a t e  e n r i c h e d  w i t h  was used  a s  a t r a c e r  to  i n v e s t i g a t e
t h e  f a t e  o f  a p p l i e d  n i t r o g e n  under w a t e r l o g g e d ,  optimum m o i s t u r e  and com­
p l e t e l y  a n a e r o b i c  ( a i r  r e p l a c e d  w i t h  argon )  s o i l  c o n d i t i o n s .  These  
s t u d i e s  were m a i n l y  c o n c e r n e d  w i t h  the i m m o b i I i z a t i o n - m i n e r a l i z a t i o n  r e ­
l a t i o n s h i p ,  r e m i n e r a l i z a t i o n  o f  im m o b i l i z e d  l a b e l l e d  n i t r o g e n ,  a b s o l u t e  
n i t r o g e n  tu r n o v e r  r a t e s ,  and the  d i s t r i b u t i o n  o f  a p p l i e d  n i t r o g e n  i n t o  
d i f f e r e n t  c h e m ic a l  f r a c t i o n s  o f  s o i l  n i t r o g e n .  N i t r o g e n  l o s s e s  from 
a p p l i e d  and n a t i v e  s o i l  n i t r o g e n  were  measured i n  a c o n t i n u ­
o u s l y  w a t e r l o g g e d  s o i l  s y s t e m  and under s u c c e s s i v e  c y c l e s  o f  submergence  
and d r y i n g .  A s t u d y  on t h e  m i n e r a l i z a t i o n  o f  o r g a n i c  n i t r o g e n  a t  v a r i o u s  
C:N r a t i o s  ( 1 5 : 1 ,  2 1 : 1 ,  3 5 :1  and 9 2 : 1 )  o f  added p l a r t  m a t e r i a l  was a l s o  
made under w a t e r l o g g e d  and optimum m o i s t u r e  c o n d i t i o n s .
The d a ta  on the m i n e r a l i z a t i o n  o f  o r g a n i c  n i t r o g e n  i n d i c a t e d  t h a t  
i n o r g a n i c  n i t r o g e n  (NH^+ + NO  ̂ ) a c c u m u la te d  a t  a h i g h e r  r a t e  under w a t e r ­
lo g g e d  than under optimum m o i s t u r e  c o n d i t i o n s .  The d i f f e r e n c e  in  accumu­
l a t i o n  was more pronounced  a t  th e  h i g h e r  C:N r a t i o s  ( 2 1 : 1 ,  3 5 : 1 )  than  a t  
a lower  C:N r a t i o  ( 1 5 : 1 )  and p e r s i s t e d  f o r  a b o u t  two months o f  i n c u b a t i o n .  
T h is  was then  f o l l o w e d  by a d e c l i n e  in  ammonium a c c u m u l a t i o n  under w a t e r ­
lo g g e d  c o n d i t i o n s  in  c o n t r a s t  to  a r a p id  i n c r e a s e  in  i n o r g a n i c  n i t r o g e n  
under optimum m o i s t u r e  c o n d i t i o n s .
N i t r o g e n - 15 s t u d i e s  o f  t h e  i m m o b i l i z e t i o n - m i n e r a l i z a t i o n  r e a c t i o n s  
t a k i n g  p l a c e  in  th e  s o i l  r e v e a l e d  t h a t ,  in  g e n e r a l ,  r e g a r d l e s s  o f  m o i s ­
t u r e  reg im e and a e r a t i o n  t r e a t m e n t ,  th e  r a t e  o f  n e t  i m m o b i l i z a t i o n
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i n c r e a s e d  p r o g r e s s i v e l y  a s  t h e  amount o f  added s t r a w  i n c r e a s e d .  The n e t  
i m m o b i l i z a t i o n  p r o c e e d e d  much more r a p i d l y  under a e r o b i c  (optimum  
m o i s t u r e )  th a n  under  c o m p l e t e l y  a n a e r o b i c  c o n d i t i o n s  ( w a t e r l o g g e d ,  a i r  
r e p l a c e d  w i t h  a r g o n )  w h i l e ,  on t h e  c o n t r a r y ,  n e t  m i n e r a l i z a t i o n  t e n d e d  
t o  d o m in a te  under a n a e r o b i c  c o n d i t i o n s .  A p r e c i s e  e s t i m a t e  o f  n e t  
m i n e r a l i z a t i o n  under w a t e r l o g g e d  c o n d i t i o n s  was s e r i o u s l y  im p a i r e d  by  
l a r g e  l o s s e s  o f  a p p l i e d  and n a t i v e  n i t r o g e n  under t h e s e  c o n d i t i o n s .  Only  
s m a l l  amounts  o f  i m m o b i l i z e d  l a b e l l e d  n i t r o g e n  were  r e m i n e r a l i z e d  In a 
w a t e r l o g g e d  s o i l  s y s t e m  compared t o  a p p r e c i a b l e  amounts  r e m i n e r a l i z e d  
under optimum m o i s t u r e  c o n d i t i o n s .  R e m i n e r a l i z a t i o n  i n  t h e  a n a e r o b i c  
s y s t e m  was i n s i g n i f i c a n t .  C a l c u l a t i o n s  o f  a b s o l u t e  n i t r o g e n  t u r n o v e r  
r a t e s  under  optimum m o i s t u r e  c o n d i t i o n s  i n d i c a t e d  t h a t  t h e  e q u a t i o n s  o f  
B arth o lom ew  and Kirkham ( 1 9 5 5 )  g a v e  a g e n e r a l  p i c t u r e  o f  a b s o l u t e  im-  
m o b i 1 i z a t i o n - m i n e r a 1 i z a t i o n  r a t e s , b u t  w ere  n o t  n e c e s s a r i l y  i n  s t r i c t  
c o n fo r m a n c e  w i t h  th e  b i o l o g i c a l  e v e n t s  t a k i n g  p l a c e  i n  t h e  s y s t e m .
Amino a c i d  N, h y d r o l y z e d  NH^+ -N and amino s u g a r - N  c o n s t i t u t e d  th e  
most  im p o r t a n t  o r g a n i c  n i t r o g e n  f r a c t i o n s  i n  term s  o f  n i t r o g e n  i m m o b i l i ­
z a t i o n .  T o g e t h e r  t h e s e  t h r e e  f r a c t i o n s  c o n t a i n e d  a b o u t  90 per  c e n t  o f  
th e  i m m o b i l i z e d  l a b e l l e d  n i t r o g e n .  About  2 t o  3 t i m e s  a s  much n i t r o g e n  
e n t e r e d  t h e  amino a c i d  f r a c t i o n  a s  e n t e r e d  a l l  o t h e r  f r a c t i o n s  c o m b in ed .  
D i s t r i b u t i o n  o f  a p p l i e d  n i t r o g e n  i n t o  d i f f e r e n t  o r g a n i c  f r a c t i o n s  was  
a b o u t  t h e  same under a l l  m o i s t u r e  and a e r a t i o n  c o n d i t i o n s .  However ,  
v e r y  s m a l l  am ounts  o f  a p p l i e d  N w ere  d e t e c t e d  i n  th e  I n o r g a n i c  f r a c t i o n  
under  w a t e r l o g g e d  c o n d i t i o n s  compared t o  l a r g e  amounts  fou nd  u n der  
optimum m o i s t u r e  and a n a e r o b i c  c o n d i t i o n s .
S e v e r e  l o s s e s  ( 8 0 - 1 0 0  ppm) o f  ammonium N, a p p l i e d  e i t h e r  t o  th e  
s o i l - w a t e r  i n t e r f a c e  or  m i n e r a l i z e d  d u r i n g  t h e  d e c o m p o s i t i o n  o f  o r g a n i c  
m a t t e r ,  o c c u r r e d  a s  a r e s u l t  o f  w a t e r l o g g i n g .  A p p r o x i m a t e l y  85  p e r  c e n t
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o f  th e  t o t a l  l o s s  from th e  a p p l i e d  n i t r o g e n  o c c u r r e d  d u r i n g  th e  f i r s t  two 
m onths  o f  i n c u b a t i o n .  The l o s s e s  w e r e  more s e v e r e  i n  t h e  a b s e n c e  o f  added  
s t r a w  th a n  i n  i t s  p r e s e n c e .  About 6 8  per  c e n t  o f  a p p l i e d  n i t r o g e n  was  
l o s t  i n  th e  n o n - s t r a w  t r e a t m e n t  compared t o  4 3  p e r  c e n t  l o s t  i n  t h e  p r e s ­
e n c e  o f  s t r a w  added  a t  an e q u i v a l e n t  r a t e  o f  2500  ppm C. N i t r o g e n  l o s s  
under c o r r e s p o n d i n g  a n a e r o b i c  and optimum m o i s t u r e  t r e a t m e n t s  was i n s i g ­
n i f i c a n t ,  s u g g e s t i n g  t h a t  t h e  n i t r o g e n  in  a w a t e r l o g g e d  s o i l  s y s t e m  was  
l o s t  m a i n l y  th r o u g h  n i t r i f i c a t i o n  and s u b s e q u e n t  d e n i t r i f i c a t i o n  o f  
ammonium. S u c c e s s i v e  c y c l e s  o f  s u b m er g en ce  and d r y i n g  r e s u l t e d  i n  t h e  
l o s s  o f  14 to  16 p e r  c e n t  o f  th e  t o t a l  s o i l  n i t r o g e n  w i t h  a b o u t  80  p e r  
c e n t  o f  th e  t o t a l  l o s s  o c c u r r i n g  d u r i n g  t h e  f i r s t  two c y c l e s  o f  s u bm erg­
e n c e  and d r y i n g .
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INTRODUCTION
N i t r o g e n  i n  s o i l  u n d e r g o e s  many t r i n s  form at  I o n s . Most o f  t h e s e  
t r a n s f o r m a t i o n s  a r e  M o l o g i c a l  p r o c e s s e s  p e r fo r m e d  by m i c r o o r g a n i s m s .
The p r a c t i c a l  i m p l i c a t i o n s  o f  t h e s e  p r o c e s s e s  h a v e  p rom oted  e x t e n s i v e  
r e s e a r c h .  A v o l u m i n o u s  l i t e r a t u r e  h as  a c c u m u l a t e d  b u t ,  u n f o r t u n a t e l y ,  
m ost  o f  th e  I n f o r m a t i o n  i s  l i m i t e d  to  w e l l - d r a i n e d  s o i l s .  Many o f  th e  
g e n e r a l  p r i n c i p l e s  and n i t r o g e n  c o n c e p t s  a p p l i c a b l e  to  w e l l - d r a i n e d  
s o i l s  c a n n o t  be e a s i l y  e x t r a p o l a t e d  t o  i n t e r p r e t  t h e  phenomenon o f  
n i t r o g e n  t r a n s f o r m a t i o n  i n  w a t e r l o g g e d  s o i l s .
The s p e c i a l  c o n d i t i o n s  p r e v a i l i n g  under  w a t e r l o g g e d  e n v i r o n m e n t s  
l e a d  t o  a c o n s i d e r a b l e  m o d i f i c a t i o n  o f  th e  a m m o n i f i c a t i o n  p r o c e s s  and com­
p l e t e  s u p p r e s s i o n  o f  n i t r i f i c a t i o n  i n  z o n e s  w here  o x y g e n  i s  n o t  p r e s e n t .  
The breakdown o f  o r g a n i c  m a t t e r  w h ic h  l e a d s  t o  th e  r e l e a s e  o f  ammonium 
i o n s  t o  t h e  s o i l  s o l u t i o n  p r o c e e d s  a t  a s l o w e r  r a t e  i n  a w a t e r l o g g e d  
s o i l  th an  i n  a w e l l - d r a i n e d  s o i l  (Tenny and Waksman, 1 9 3 0 ) ,  b u t  th e  
i n o r g a n i c  n i t r o g e n  r e l e a s e  from th e  d e c o m p o s in g  r i c e  s t r a w ,  a t  a much 
w i d e r  C:N r a t i o ,  p r o c e e d s  a t  a h i g h e r  r a t e  under  w a t e r l o g g e d  th a n  under  
optimum m o i s t u r e  c o n d i t i o n s  ( A c h a r y a ,  1 9 3 5 c ;  S i r c a r  e_t a_l. , 1 9 4 0 ) .  The 
s t u d i e s  o f  n i t r o g e n  t r a n s f o r m a t i o n  under  w a t e r l o g g e d  c o n d i t i o n s  c i t e d  
h e r e  w ere  made i n  t h e  a b s e n c e  o f  s o i l .  F u r t h e r  s t u d i e s  a r e  n e e d e d  t o  
u n d e r s t a n d  t h e  m i n e r a l i z a t i o n  o f  o r g a n i c  n i t r o g e n  i n  a w a t e r l o g g e d  s o i l  
s y s t e m .  T h i s  f e a t u r e  o f  n i t r o g e n  m i n e r a l i z a t i o n  i s  o f  g r e a t  im p o r t a n c e  
f o r  t h e  n i t r o g e n  management o f  r i c e  s o i l s .
Under w a t e r l o g g e d  c o n d i t i o n s ,  m i n e r a l i z a t i o n  u s u a l l y  d o e s  n o t  p r o ­
c e e d  b e y o n d  t h e  ammonium s t a g e  b e c a u s e  o x y g e n  i s  n e c e s s a r y  t o  c a r r y  th e
1
2
p r o c e s s  t h r o u g h  t o  n i t r a t e .  N e v e r t h e l e s s ,  ammonium n i t r o g e n  may be 
n i t r i f i e d  t o  n i t r a t e  n i t r o g e n  i f  i t  i s  a p p l i e d  t o  t h e  s u r f a c e  o x i d i z e d  
l a y e r  o f  t h e  s o i l .  N i t r a t e  n i t r o g e n  th u s  formed o r  added  i n  t h e  form  
o f  f e r t i l i z e r  i s  p a r t i c u l a r l y  s u b j e c t  t o  l o s s  upon e n t r y  i n t o  t h e  u n d e r ­
l y i n g  r e d u c e d  l a y e r  ( P e a r s a l l ,  1 950 ;  M i t s u i ,  I f 5 4 ) .  M o i s t u r e  f l u c t u a ­
t i o n s  a s  a r e s u l t  o f  f l o o d i n g  and d r a i n i n g  c r e a t e  i d e a l  c o n d i t i o n s  f o r  
t h e s e  l o s s e s  t o  o c c u r .  A q u a n t i t a t i v e  m easu rem en t  o f  t h e s e  l o s s e s  from 
t h e  a p p l i e d  ammonium n i t r o g e n  and n a t i v e  s o i l  n i t r o g e n  i s ,  t h e r e f o r e ,  
o f  u tm o st  im p o r ta n c e  f o r  t h e  p r o p e r  u t i l i z a t i o n  o f  a p p l i e d  n i t r o g e n  i n  
r i c e  s o i l s .
The n a t u r e  o f  o r g a n i c  n i t r o g e n  compounds o c c u r r i n g  i n  w a t e r l o g g e d  
s o i l s  i s  p o o r l y  u n d e r s t o o d .  T h i s  i n f o r m a t i o n  i s  i m p o r t a n t  i n  t h e  u n d e r ­
s t a n d i n g  o f  t h e  f a t e  o f  a p p l i e d  n i t r o g e n  and i t s  s u b s e q u e n t  a v a i l a b i l i t y  
t o  t h e  p l a n t .
The p u r p o s e  o f  t h i s  i n v e s t i g a t i o n  i s ,  t h e r e f o r e ,  t o  s t u d y  th e  
p r o c e s s  o f  n i t r o g e n  t r a n s f o r m a t i o n  w i t h  s p e c i a l  r e f e r e n c e  t o  t h e  
i m m o b i l i z a t i o n - m l n e r a l i z a t i o n  r e l a t i o n s h i p ,  th e  n a t u r e ,  amount and r e l a ­
t i v e  d i s t r i b u t i o n  o f  d i f f e r e n t  c h e m i c a l  f r a c t i o n s  o f  s o i l  n i t r o g e n ,  and 
t h e  f a t e  o f  a p p l i e d  ammonium s u l f a t e  i n  w a t e r l o g g e d ,  a n a e r o b i c  ( a i r
r e p l a c e d  w i t h  a r g o n )  and a e r o b i c  (optimum m o i s t u r e )  s o i l  s y s t e m s .
15T r a c e r  t e c h n i q u e s  i n v o l v i n g  t h e  s t a b l e  i s o t o p e  o f  n i t r o g e n ,  N, w ere
em p lo y ed  t o  t r a c e  t h e  p a t h  o f  a p p l i e d  n i t r o g e n  i n  th e  s o i l .
REVIEW OF LITERATURE
A . The A n a e r o b i c  D e c o m p o s i t i o n  o f  S o i l  O r g a n ic  M a t t e r
1.  G e n e r a l  N a tu r e  and C o m p o s i t i o n  o f  S o i l  O r g a n ic  M a t te r
The o r g a n i c  f r a c t i o n  o f  t h e  s o i l  c o n s i s t s  o f  a v a s t  a r r a y  o f  s i m p l e  
and com p lex  s u b s t a n c e s .  I n c l u d e d  among t h e  compounds a r e  t h o s e  r e p r e ­
s e n t e d  by t h e  v a r i o u s  com p o n en ts  o f  o r g a n i c  r e s i d u e s  u n d e r g o i n g  decom po­
s i t i o n  and th e  m e t a b o l i c  b y p r o d u c t s  o f  m i c r o o r g a n i s m s  u t i l i z i n g  o r g a n i c  
r e s i d u e s  a s  a s o u r c e  o f  e n e r g y .  T h e s e  d i v e r s e  g r o u p s  i n c l u d e  p r o t e i n s  
and t h e i r  d e r i v a t i v e s  (am in o  a c i d s ,  a m i d e s ,  amino s u g a r s ,  n u c l e o p r o t e l n s , 
p u r i n e  and p y r i m i d i n e  b a s e s ) ;  c a r b o h y d r a t e s ,  t h e i r  d e c o m p o s i t i o n  p r o d u c t s  
and r e l a t e d  compounds (mono- and d i s a c c h a r i d e s ,  c e l l u l o s e ,  h e m i c e l l u l o s e s , 
p e c t i n s ,  p e n t o s a n s ,  mannans ,  p o l y u r o n i d e s ,  u r o n i c  a c i d  p o l y m e r s ,  o r g a n i c  
a c i d s ,  a l c o h o l s ,  h y d r o c a r b o n s ,  a r o m a t i c s ) ;  and l i g n i n s ,  f a t s ,  v a r i o u s  
o r g a n i c  p h o s p h o r o u s  compounds ,  t a n n i n s ,  and t h e i r  v a r i o u s  d e c o m p o s i t i o n  
p r o d u c t s  (Waksman, 1938;  B r o a d b e n t ,  1953;  Kononova,  1961;  and S t e v e n s o n ,  
1 9 6 4 ) .  I n  a d d i t i o n  t o  th e  i n t e r m e d i a t e  p r o d u c t s  o f  d e c o m p o s i t i o n  and  
s e c o n d a r y  p r o d u c t s  o f  m i c r o b i a l  s y n t h e s i s ,  t h e r e  a l s o  e x i s t  i n  s o i l  th e  
more r e s i s t a n t  p r o d u c t s  o f  d e c o m p o s i t i o n  (Kononova ,  1 9 6 1 ) .
The d e c o m p o s i t i o n  o f  o r g a n i c  m a t t e r  i n  s o i l  i s  g e n e r a l l y  c a r r i e d  
o u t  by a w id e  group  o f  h e t e r o t r o p h i c  m i c r o o r g a n i s m s  and i s  a c c o m p l i s h e d  
i n  two main  s t e p s  o c c u r r i n g  s i m u l t a n e o u s l y .  T h e s e  s t e p s  a r e  t h e  b r e a k ­
down o f  f r e s h l y  added o r g a n i c  s u b s t a n c e s  and th e  d e c o m p o s i t i o n  o f  t h e  
n a t i v e  s o i l  o r g a n i c  m a t t e r  o r  humus.  P l a n t  and a n im a l  r e s i d u e s  added  
t o  s o i l  a r e  f i r s t  b r o k e n  down t o  t h e i r  b a s i c  s t r u c t u r a l  u n i t s  by e x t r a ­
c e l l u l a r  en zym es  p r o d u c e d  by h e t e r o t r o p h s . T h ese  u n i t s  a r e  th en
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o x i d i z e d  I n t r a c e l l u l s r l y  by m i c r o o r g a n i s m s  i n  o r d e r  t o  d e r i v e  e n e r g y .
I n  s p i t e  o f  th e  d i s s i m i l a r i t y  o f  s u c h  compounds a s  p o l y s a c c h a r i d e s ,  
a r o m a t i c  s u b s t a n c e s  and p r o t e i n s ,  i t  i s  i m p o r t a n t  t o  n o t e  t h a t ,  a f t e r  
t h e i r  i n i t i a l  d e g r a d a t i o n  by e x t r a c e l l u l a r  e n z y m e s ,  t h e  m e t a b o l i c  s e ­
q u e n c e s  ta lc in g  p l a c e  i n  t h e  m i c r o b i a l  c e l l  f o l l o w  t h e  same g e n e r a l  p a t h ­
ways  i n  t h e  p r o d u c t i o n  o f  e n e r g y .  As a c o n s e q u e n c e  o f  t h e s e  a c t i v i t i e s ,  
th e  n u t r i e n t  e l e m e n t s  c a r b o n ,  n i t r o g e n ,  p h o s p h o r u s  and s u l f u r  a r e  r e l e a s e d  
i n  forms a v a i l a b l e  t o  p l a n t s .  At t h e  same t i m e ,  h o w e v e r ,  a p p r e c i a b l e  
amounts  o f  t h e s e  e l e m e n t s  a r e  b e i n g  i m m o b i l i z e d  i n  t h e  f o r m a t i o n  o f  new 
m i c r o b i a l  t i s s u e s  o r  m e t a b o l i c  b y p r o d u c t s .
The n a t u r e  o f  th e  f l o r a  i n v o l v e d  i n  o r g a n i c  m a t t e r  d e c o m p o s i t i o n  
v a r i e s  w i t h  t h e  c h e m i c a l  c o m p o s i t i o n  o f  t h e  added  s u b s t r a t e s .  C e r t a i n  
m i c r o b i a l  g r o u p s  p r e d o m i n a t e  f o r  a s h o r t  t i m e ,  w h i l e  o t h e r s  m a i n t a i n  h i g h  
p o p u l a t i o n s  f o r  a c o n s i d e r a b l y  l o n g e r  p e r i o d .  Each i n d i v i d u a l  o r g a n i s m  
i s  e q u i p p e d  w i t h  a co m p le x  o f  en zym es  w h ich  p e r m i t s  i t  t o  o x i d i z e  a f i x e d  
a r r a y  o f  c h e m i c a l  compounds.  I f  t h e  p r o p e r  s u b s t a n c e s  a r e  p r e s e n t  i n  an  
a c c e s s i b l e  s t a t e ,  t h e  m i c r o o r g a n i s m  w i l l  p r o l i f e r a t e ,  p r o v i d e d  t h a t  I t  
can  w i t h s t a n d  th e  c o m p e t i t i o n  o f  o t h e r  o r g a n i s m s  p o s s e s s i n g  s i m i l a r  
e n z y m a t i c  c h a r a c t e r i s t i c s .  The m i c r o o r g a n i s m s  p r e f e r e n t i a l l y  p r o l i f e r a t ­
i n g  on  t h e  b a s i c  com p o n en ts  o f  t h e  added  c a r b o n a c e o u s  s u b s t a n c e s  
c o n s t i t u t e  t h e  p r im a r y  f l o r a .  T h e s e  a r e  f o l l o w e d  by a s e c o n d a r y  f l o r a  
g r o w in g  e i t h e r  upon compounds p r o d u c e d  by t h e  p r im a r y  f l o r a  or  t h e  dead  
o r  l i v i n g  c e l l s  o f  t h e  p r im a r y  f l o r a .  The s e c o n d a r y  group o f  o r g a n i s m s  
p o s s e s s e s  a d i f f e r e n t  b i o c h e m i c a l  makeup from t h o s e  a p p e a r i n g  i n i t i a l l y .  
The p o p u l a t i o n  r e s p o n d i n g  t o  o r g a n i c  m a t t e r  a d d i t i o n s  th u s  f e e d s  upon  
( a )  o r g a n i c  s u b s t r a t e s  a d d e d ;  (b )  i n t e r m e d i a t e  p r o d u c t s  formed d u r i n g  
d e c o m p o s i t i o n ;  and ( c )  p r o t o p l a s m  o f  m i c r o o r g a n i s m s  a c t i v e  i n  t h e  d e ­
g r a d a t i o n  o f  ( a )  and (b )  ( A l e x a n d e r ,  1 9 6 1 ) .
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M i c r o b i a l  s t u d i e s  h a v e  shown t h a t  t h e  s i z e  and c o m p o s i t i o n  o£ m i c r o -  
f l o r a  i s  g e n e r a l l y  d e t e r m i n e d  by t h e  am ount ,  t y p e  and a v a i l a b i l i t y  o f  
o r g a n i c  m a t t e r .  The a d d i t i o n  o f  s i m p l e  s u g a r  c a u s e s  r a p i d  p r o l i f e r a t i o n  
o f  b a c t e r i a ,  w h i l e  s t a r c h  a c c e l e r a t e s  t h e  a c t i v i t y  o f  a c t i n o m y c e t e s , and 
c e l l u l o s e  b e n e f i t s  f u n g a l  d e v e l o p m e n t  i n  p a r t i c u l a r  ( A l e x a n d e r ,  1 9 6 1 ) .  
P r o t e i n s  and amino a c i d s ,  s u c h  a s  b l o o d  m ea l  or  p e p t o n e ,  s t i m u l a t e  s p o r e  
f o r m in g  b a c i l l i  (W in o g r a d s k y ,  1 924 ;  M o l l e n h o f f  e_t a l ,  1 9 3 6 ) .  As a r e s u l t  
o f  t h e  d e v e l o p m e n t  o f  m ix ed  m i c r o f l o r a  on c h e m i c a l l y  co m p le x  n a t u r a l  
p r o d u c t s ,  some c o n s t i t u e n t s  q u i c k l y  d i s a p p e a r  w h i l e  o t h e r s  p e r s i s t .  The 
w a t e r  s o l u b l e  f r a c t i o n  i s  u s u a l l y  t h e  f i r s t  t o  be m e t a b o l i z e d ,  f o l l o w e d  
by the  o x i d a t i o n  o f  c e l l u l o s e  and h e m i c e l l u l o s e s  a t  a p p r o x i m a t e l y  e q u a l  
r a t e s .  The l i g n i n s  a r e  t h e  m os t  r e s i s t a n t ,  and c o n s e q u e n t l y  become abund­
a n t  i n  t h e  r e s i d u a l  d e c a y i n g  o r g a n i c  m a t t e r  ( A l e x a n d e r ,  1 9 6 1 ) .
2 .  The P r o c e s s  o f  A n a e r o b i c  D e c o m p o s i t i o n  a s  Compared t o  A e r o b i c  Decom­
p o s i t i o n
The a n a e r o b i c  d e c o m p o s i t i o n  o f  o r g a n i c  m a t t e r  i n  w a t e r l o g g e d  s o i l s  
i s  a c o n s i d e r a b l y  m o d i f i e d  p r o c e s s  and can  be d i f f e r e n t i a t e d  from t h e  
a e r o b i c  d e c o m p o s i t i o n  i n  two i m p o r t a n t  a s p e c t s :  f i r s t ,  by i t s  much s l o w e r  
r a t e ,  and s e c o n d ,  by t h e  n a t u r e  o f  th e  end  p r o d u c t s  fo r m e d .
The m i c r o b i a l  d e c o m p o s i t i o n  o f  o r g a n i c  m a t t e r  i n  a w e l l - d r a i n e d  
s o i l  i s  a c c o m p l i s h e d  by a w id e  group  o f  m i c r o o r g a n i s m s .  The a e r o b i c  
mode o f  r e s p i r a t i o n  i n  t h e s e  o r g a n i s m s  i s  a s s o c i a t e d  w i t h  h i g h  e n e r g y  
r e l e a s e .  T h e r e f o r e ,  t h e  d e c o m p o s i t i o n  o f  s u b s t r a t e  and s y n t h e s i s  o f  c e l l  
s u b s t a n c e s  p r o c e e d  a t  a r a p i d  r a t e .  As a r e s u l t ,  m os t  com p o n en ts  form ­
i n g  t h e  b u l k  o f  th e  added o r g a n i c  m a t t e r  q u i c k l y  d i s a p p e a r  a s  C(>2 * w h i l e  
t h o s e  l e s s  s u s c e p t i b l e  t o  m i c r o b i a l  a t t a c k  p e r s i s t ' .  C o n c o m i t a n t l y ,  a s  
c e l l  s y n t h e s i s  p r o c e e d s ,  a h e a v y  demand i s  p l a c e d  upon t h e  s o i l  n u t r i e n t s .  
T h i s  i s  p a r t i c u l a r l y  t r u e  f o r  n i t r o g e n ,  e x c e p t  when h i g h l y  n i t r o g e n o u s
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m a t e r i a l s  a r e  a d d e d .
A n a e r o b i c  d e c o m p o s i t i o n ,  on t h e  o t h e r  h a n d ,  i s  a l m o s t  e n t i r e l y  d e ­
p e n d e n t  on t h e  a c t i v i t i e s  o f  a n a e r o b i c  b a c t e r i a .  F a c u l t a t i v e  a n a e r o b e s  
may a l s o  a s s i s t  i n  d e c o m p o s i t i o n  i f  n i t r a t e  n i t r o g e n  i s  p r e s e n t  t o  a c t  a s  
an e l e c t r o n  a c c e p t o r  i n  t h e i r  r e s p i r a t i o n .  S i n c e  a n a e r o b i c  b a c t e r i a  
o p e r a t e  a t  a much lo w e r  e n e r g y  l e v e l ,  t h e y  a r e ,  t h e r e f o r e ,  much l e s s  e f ­
f i c i e n t  than  a e r o b i c  f l o r a .  C o n s e q u e n t l y ,  t h e  p r o c e s s e s  o f  b o t h  decom­
p o s i t i o n  and r e s y n t h e s i s  a r e  much s l o w e r  i n  a w a t e r l o g g e d  s o i l  th an  i n  
a w e l l - d r a i n e d  s o i l .  T h i s  i s  i n  a g r e e m e n t  w i t h  th e  g e n e r a l  o b s e r v a t i o n  
t h a t  g r e a t e r  a c c u m u l a t i o n  o f  p l a n t  r e s i d u e s  o c c u r s  i n  bog  and marsh s o i l s .
Tenny and Waksman ( 1 9 3 0 )  made a c o m p r e h e n s i v e  s t u d y  o f  t h e  decom­
p o s i t i o n  r a t e  o f  v a r i o u s  c h e m i c a l  c o n s t i t u e n t s  o f  a v a r i e t y  o f  p l a n t  
m a t e r i a l  under b o t h  a e r o b i c  and a n a e r o b i c  c o n d i t i o n s .  T h e i r  d a t a  showed  
t h a t  a n a e r o b i c  d e c o m p o s i t i o n  was s l o w e r  th a n  a e r o b i c  d e c o m p o s i t i o n  r e g a r d ­
l e s s  o f  th e  ty p e  o f  p l a n t  m a t e r i a l  u s e d .  The d i f f e r e n c e s  In t h e  r a t e  o f  
a e r o b i c  and a n a e r o b i c  d e c o m p o s i t i o n  o f  th e  v a r i o u s  p l a n t  c o n s t i t u e n t s  
were  e v e n  more p r o n o u n c e d .  T h is  was t r u e  p a r t i c u l a r l y  i n  t h e  c a s e  o f  
l l g n l n s  and o r g a n i c  n i t r o g e n o u s  c o m p l e x e s .  For c o r n  s t a l k  r i c h  i n  w a t e r  
s o l u b l e  s u b s t a n c e s  i n c l u d i n g  r e d u c i n g  s u g a r s  and n i t r o g e n  com pounds ,  a 
c o m p a r i s o n  o f  d e c o m p o s i t i o n  r a t e  showed t h a t ,  a f t e r  27 d a y s ,  20  p e r  c e n t  
o f  t h e  t o t a l  m a t e r i a l  was l o s t  under  a n a e r o b i c  c o n d i t i o n s ,  w h e r e a s  37 
p e r  c e n t  d i s a p p e a r e d  d u r i n g  th e  same p e r i o d  o f  t im e i n  t h e  a e r o b i c  s y s t e m .  
A f t e r  4 9 8  d a y s ,  38 p e r  c e n t  o f  t h e  t o t a l  o r g a n i c  m a t t e r  was l e f t  i n  t h e  
a n a t i u u l c  s y s t e m  compared t o  o n l y  22 p er  c e n t  a f t e r  4 0 5  d a y s  i n  th e  
a e r o b i c  s y s t e m . .  Even more s t r i k i n g  d i f f e r e n c e s  w ere  o b s e r v e d  when i n ­
d i v i d u a l  c h e m i c a l  c o n s t i t u e n t s  w ere  compared under b o t h  s e t s  o f  c o n d i t i o n s .
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Whereas t h e  co m p le x  p o l y s a c c h a r i d e s  decom posed  t w i c e  a s  f a s t  under  
a e r o b i c  a s  under  a n a e r o b i c  c o n d i t i o n s  d u r i n g  t h e  f i r s t  f o u r  w e e k s ,  th e
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l i g n i n  rem ain e d  r e s i s t e n t  t o  a t t a c k  by m i c r o o r g a n i s m s  i n  b o th  c a s e s .  
How ever ,  when d e c o m p o s i t i o n  e v e n t u a l l y  b eg a n  21 p e r  c e n t  o f  t h e  l i g n i n  
d i s a p p e a r e d  i n  6 8  d a y s  under  a e r o b i c  c o n d i t i o n s ,  w h e r e a s  o n l y  8  per  c e n t  
was l o s t  i n  135 d a y s  under  a n a e r o b i c  c o n d i t i o n s .  Even a f t e r  a p e r i o d  o f  
n e a r l y  a y e a r  and a h a l f ,  l e s s  t h a n  o n e  t h i r d  o f  the  l i g n i n  d i s a p p e a r e d  
under  the  m os t  f a v o r a b l e  t e m p e r a t u r e  c o n d i t i o n s  o f  a n a e r o b i c  d e c o m p o s i ­
t i o n .
R e l a t i v e l y  s l o w e r  r a t e s  o f  d e c o m p o s i t i o n  w ere  o b s e r v e d  u n der  b o th  
a e r o b i c  and a n a e r o b i c  c o n d i t i o n s  i n  t h e  c a s e  o f  r y e  s t r a w ,  w i t h  i t B  lo w er  
c o n t e n t  o f  s o l u b l e  c a r b o h y d r a t e s  and h i g h e r  l i g n i n  c o n t e n t s .  About  17 
p e r  c e n t  o f  th e  r y e  s t r a w  d ecom p osed  i n  6 6  d a y s  and 29 p e r  c e n t  i n  143  
d a y s  i n  t h e  a e r o b i c  s y s t e m ,  w h e r e a s  under a n a e r o b i c  c o n d i t i o n s  7 and 22 
p e r  c e n t  w ere  d ecom posed  i n  84  and 163 d a y s ,  r e s p e c t i v e l y *  The t h r e e  
p r i n c i p a l  c h e m i c a l  c o n s t i t u e n t s ,  c e l l u l o s e ,  h e m i c e i l u l o s e  and l i g n i n ,  
w ere  a l s o  fou n d  t o  h a v e  d ecom posed  much more s l o w l y  u n der  a n a e r o b i c  th an  
a e r o b i c  c o n d i t i o n s .
The d i f f e r e n c e  i n  t h e  r a t e  and n a t u r e  o f  d e c o m p o s i t i o n  o f  n a t u r a l  
p l a n t  s u b s t a n c e s  under  t h e  two s e t s  o f  c o n d i t i o n s  was e v e n  more marked  
i n  t h e  c a s e  o f  oak  l e a v e s .  When t h e  m a t e r i a l  was p r o p e r l y  a e r a t e d ,  42  
p e r  c e n t  o f  t h e  t o t a l  o r g a n i c  m a t t e r  was decomposed  i n  286 d a y s ,  w h e r e a s  
a n a e r o b i c  l o s s  was o n l y  a b o u t  o n e  f o u r t h  o f  t h i s  amount.  The l i g n i n  in  
t h e  o a k  l e a v e s  d i d  n o t  d ecom p ose  a t  a l l  under  th e  a n a e r o b i c  c o n d i t i o n s ,  
u h l l e  h e a i c e l l u l o s e  d ecom posed  e x t r e m e l y  s l o w l y .  A s i m i l a r  d e c o m p o s i t i o n  
p a t t e r n  was n o t e d  f o r  a l f a l f a  i n  s p i t e  o f  i t s  r e l a t i v e l y  h i g h  n i t r o g e n  
c o n t e n t .  T h i s  i n d i c a t e d  t h a t  e v e n  a h i g h  n i t r o g e n  c o n t e n t  d i d  n o t  c a u s e  
r a p i d  d e c o m p o s i t i o n  u n der  a n a e r o b i c  c o n d i t i o n s .  T h is  was  t r u e  n o t  o n l y  
f o r  th e  t o t a l  p l a n t  m a t e r i a l  b u t  a l s o  f o r  t h e  i n d i v i d u a l  p l a n t  c o n s t i t u ­
e n t s  .
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I t  i s  n o t e w o r t h y  t h a t  a c c u m u l a t i o n  o f  p r o t e i n s  was g r e a t e r  under  
a n a e r o b i c  c o n d i t i o n s  th a n  under  a e r o b i c  c o n d i t i o n s  i n  a l l  c a s e s .  T h i s  
may have  b een  due t o  t h e  more e c o n o m ic  u s e  o f  n i t r o g e n ,  t o  t h e  s m a l l e r  
l o s s  o f  ammonia,  or  t o  t h e  l e s s e r  d e c o m p o s i t i o n  o f  s y n t h e s i z e d  p r o t e i n  
in  t h e  a n a e r o b i c  s y s t e m .
A ch arya  ( 1 9 3 5 a ,  1935b )  d e m o n s t r a t e d  t h a t  t h e  d e c o m p o s i t i o n  o f  r i c e  
s t r a w  was m os t  r a p i d  i n  a e r o b i c  e n v i r o n m e n t s ,  s l o w e r  under  w a t e r l o g g e d  
c o n d i t i o n s  and l e a s t  p r o n o u n c e d  under c o m p l e t e  a n a e r o b i a s i s . T h i s  was  
e q u a l l y  t r u e  f o r  t h e  d e c a y  o f  m a jo r  p l a n t  c o n s t i t u e n t s .  F u r t h e r ,  Acharya  
s t r e s s e d  t h e  low n i t r o g e n  demands o f  t h e  a n a e r o b i c  m e t a b o l i s m .  S i r c a r  
e t  a l  ( 1 9 4 0 )  f u r t h e r  c o n f i r m e d  t h e  f i n d i n g s  o f  Waksman and Tenny ( 1 9 3 0 ) ,  
and A ch arya  ( 1 9 3 5 a ,  1935b)  r e g a r d i n g  m i c r o b i o l o g i c a l  d e c o m p o s i t i o n  o f  
p l a n t  m a t e r i a l s .  A l e x a n d e r  ( 1 9 6 1 )  e m p h a s i z e d  t h e  s l o w  r a t e  o f  o r g a n i c  
m a t t e r  breakdown and r e s y n t h e s i s  under  a t o t a l  a r a e r o b i a s i s  a s  o p p o s e d  
t o  an e n v i r o n m e n t  w i t h  a d e q u a t e  s u p p l y  o f  o x y g e n .  The w a t e r l o g g e d  s o i l s  
w ere  I n t e r m e d i a t e  b e t w e e n  t h e  two e x t r e m e s .  He a t t r i b u t e d  t h e s e  d i f ­
f e r e n c e s  t o  t h e  low e n e r g y  y i e l d  o f  a n a e r o b i c  f e r m e n t a t i o n .
The s e c o n d  and t h e  m os t  s t r i k i n g  d i f f e r e n c e  i n  th e  d e c o m p o s i t i o n  
o f  o r g a n i c  m a t t e r  u nder  w a t e r l o g g e d  and w e l l - d r a i n e d  s o i l  c o n d i t i o n s  
l i e s  i n  t h e  n a t u r e  o f  t h e  end p r o d u c t s  fo r m e d .  I n  a w e l l  d r a i n e d  s o i l ,  
th e  m ain  end p r o d u c t s  o f  d e c o m p o s i t i o n  a r e  C0 2 , n6 j ,  SO^, H2 O and r e s i s t ­
e n t  r e s i d u e s .  The w a t e r l o g g e d  s o i l ,  on  t h e  o t h e r  han d ,  i s  g e n e r a l l y  
c h a r a c t e r i z e d  by t h e  f o r m a t i o n  o f  c h i e f l y  C02 , CH^, H2 , o r g a n i c  a c i d s ,  
ammonia,  a m i n e s ,  m e r c a p t a n s ,  h y d r o g e n  s u l f i d e  and r e s i s t e n t  r e s i d u e s .
The m e t a b o l i c  d e g r a d a t i o n  o f  c a r b o h y d r a t e  i s  p r o b a b l y  t h e  same 
under  b o t h  a e r o b i c  and a n a e r o b i c  c o n d i t i o n s  u n t i l  t h e  f o r m a t i o n  o f  
p y r u v i c  a c i d  a s  t h e  f i n a l  end p r o d u c t  o f  g l y c o l y s i s .  I n  an a e r a t e d  s o i l ,  
p y r u v i c  a c i d  e n t e r s  t h e  Krebs c y c l e .  T h i s  i s  a common c h a n n e l  n o t  o n l y
f o r  th e  o x i d a t i o n  o f  t h e  p r o d u c t s  o f  g l y c o l y s i s  b u t  a l s o  f o r  t h e  u l t i m a t e  
o x i d a t i o n  o f  th e  f a t t y  a c i d s  and th e  c a r b o n  s k e l e t o n  o f  many amino  a c i d s .  
The c y c l e  f u n c t i o n s  t o  c o n v e r t  a l l  o f  t h e s e  c a r b o x y l i c  a c i d s  t o  CO2  and  
H2 O i n  the  p r e s e n c e  o f  m o l e c u l a r  o x y g e n  t h r o u g h  t h e  m e d i a t i o n  o f  t e r m i n a l  
o x i d a s e s .  I n  a w a t e r l o g g e d  s o i l ,  marked by t h e  v i r t u a l  a b s e n c e  o f  o x y g e n ,  
t h e  t e r m i n a l  o x i d a t i o n  i s  s u p p r e s s e d ,  r e s u l t i n g  i n  t h e  a c c u m u l a t i o n  o f  
p y r u v i c  a c i d  and r e d u c e d  n l c o t i n a m l d e - a d e n i n e  d i n u c l e o t l d e  [NADH]. The 
p y r u v i c  a c i d  i n  tu rn  u n d e r g o e s  v a r i o u s  t r a n s f o r m a t i o n s  n o t  s p e c i f i c  t o  
an y  o r g a n i s m ,  b u t  p r e s e n t i n g  a common f e a t u r e  o f  a n a e r o b i c  f e r m e n t a t i o n .
Some o f  t h e  t y p i c a l  r e a c t i o n s  p y r u v i c  a c i d  may u n d e r g o  a r e  as  f o l ­
lo w s  :
( i )  R e d u c t i o n  t o  l a c t i c  a c i d  by r e d u c e d  NAD
CH3 COCOOH + NADH + H+  * CH3 CHOHCOOH + NAD
( i i )  D e c a r b o x y l a t i o n  t o  a c e t a l d e h y d e  and s u b s e q u e n t  r e d u c t i o n  t o  
e t h y l  a l c o h o l ,
CH3COCOOH -------* CH3CHO + co2
CH3 CHO + NADH +  H+-------------- > CH3 CH2 OH + NAD
I t  i s  a t  t h i s  s t a g e  t h a t  t h e  s p e c i f i c i t y  comes i n  s o  t h a t  any f u r t h e r  
t r a n s f o r m a t i o n  may be c a r r i e d  o u t  th r o u g h  t h e  a c t i v i t i e s  o f  s p e c i f i c  
b a c t e r i a .  As f o r  e x a m p le  B a c i l l u s  f o s s i c u l a r u m  i s  p r o b a b l y  I n v o l v e d  i n  
t h e  f o r m a t i o n  o f  b u t y r i c  a c i d  from l a c t i c  a c i d  (Ponnamperuma, 1 9 5 5 ) ;
2 CH3 CHOHCOOH -------------> CH3 CH2 CH2 COOH + 2C02  +  2H2
C l o s t r i d i u m  b u t y r i c u m  may b e  r e s p o n s i b l e  f o r  c h a n g i n g  p y r u v i c  a c i d  t o  
b u t y r i c  a c i d  ( B a r n e t t ,  1954)
CH3 COCOGH ------------ » CH3 CH2 CH2 COGH + CH3 COOH +  co2 + h 2
The f e r m e n t a t i o n  c h a r a c t e r i s t i c s  o f  m i c r o f l o r a  f a v o r s  t h e  accumu­
l a t i o n  o f  o r g a n i c  a c i d s .  I n  w a t e r l o g g e d  s o i l ,  a s  w e l l  a s  In i t s  c o u n t e r ­
p a r t  w e l l - d r a i n e d  s o i l ,  t h e  d o m in a n t  a c i d s  a r e  u s u a l l y  a c e t i c  a c i d  and
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f o r m i c  a c i d  ( T a k a i  and Koyama, 1 9 5 6 ) .  Subrahmanyan ( 1 9 2 9 )  d e m o n s t r a t e d  
t h e  p r e s e n c e  o f  l a c t i c  a c i d ,  a c e t i c  and b u t y r i c  a c i d s  i n  t h e  s o l u t i o n  
p h a s e  when g l u c o s e  was a l l o w e d  t o  d e c o m p o s e .  F u r t h e r ,  he  n o t e d  t h a t  
l a c t i c  a c i d  was t h e  f i r s t  m ajor  p r o d u c t  o f  a n a e r o b i c  f e r m e n t a t i o n  t h a t  
was s u b s e q u e n t l y  t r a n s f e r r e d  t o  a c e t i c  and b u t y r i c  a c i d s .
A v a r i e t y  o f  r e a c t i o n s  l e a d  t o  th e  f o r m a t i o n  o f  m eth an e  i n  o x y g e n  
d e p l e t e d  e n v i r o n m e n t s .  T h i s  p r o c e s s  h a s  b een  c h a r a c t e r i z e d  i n  m ixed  p o p ­
u l a t i o n  and f r e q u e n t l y  i n  p u re  c u l t u r e .  The f o l l o w i n g  r e a c t i o n s  a r e  
t y p i c a l  ( A l e x a n d e r ,  1 9 6 1 ) :
C02  +  4 H2 ------------ ------------ >  CH4  + 2H20
4HC00H ------------>  CH4  + 3C0 2  +  2H20
c h 3c o o h  ------------=► ch4 + co2
2CH3CH2OH + co2 ------------>  2 CH3 COOH + c h4
4CH3 CH2COOH + 2H20  ------------- >  4CH3COOH + C02  +  3CHA
Most  o f  t h e s e  r e a c t i o n s  a r e  s p e c i f i c .  M e t h a n o b a c i 11us  o m e l i a n s k i l  i s  
p r o b a b l y  s p e c i f i c  f o r  t h e  c o n v e r s i o n  o f  h y d r o g e n ,  e t h a n o l ,  p r im a r y  and 
s e c o n d a y  a l c o h o l s  t o  m e t h a n e .  M e th a n o b a c t e r l u m  p r o p l o n i c u m  c h a n g e s  p r o ­
p i o n i c  a c i d  t o  m eth ane  ( B a k e r ,  1 9 5 6 ) .
H a r r i s o n  ( 1 9 2 0 )  s u g g e s t e d  t h a t  h y d r o g e n  e v o l u t i o n  i n  w a t e r l o g g e d  
s o i l s  i s  i n c o n s e q u e n t i a l  s o l e l y  b e c a u s e  t h e  g a s  r e a c t s  w i t h  C02  t o  y i e l d  
m e t h a n e ,  a r e a c t i o n  w h ic h  s u p p l i e s  t h e  b a c t e r i a  b o th  e n e r g y  and s o u r c e  
o f  c a r b o n .  A number o f  b a c t e r i a  h a v e  b een  I s o l a t e d  w h ic h  can  u t i l i z e  H2  
f o r  t h e  r e d u c t i o n  o f  C0 2  ( A l e x a n d e r ,  1 9 6 1 ) .
A c c o r d i n g  t o  R u s s e l l  ( 1 9 6 1 ) ,  t h i s  r e a c t i o n  i s  o f  g r e a t  im p o r t a n c e  
f o r  t h e  o x y g e n  r e g i m e  o f  r i c e  r o o t s ,  b e c a u s e  i t  n o t  o n l y  r e d u c e s  t h e  C02  
c o n t e n t  i n  t h a t  z o n e  b u t  a l s o  rem oves  i n  a way t h a t  makes a much 
lo w er  demand on  th e  o x y g e n  i n  t h e  s o i l - w a t e r  th a n  w ould  be made by
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h y d r o g e n  o x i d i z i n g  b a c t e r i a ,  a s  s u g g e s t e d  by H a r r i s o n  and A i y e r  ( 1 9 1 6 ) .
R e s e a r c h e s  by H a r r i s o n  and A i y e r  ( 1 9 1 3 ,  1 9 1 5 ,  1 9 1 6 ) ,  H a r r i s o n  
( 1 9 2 0 )  and A i y e r  ( 1 9 2 0 )  e x p l a i n e d  t h e  t r a n s f o r m a t i o n  o f  CH^, CO2  and H2  
i n  swamp r i c e  s o i l s .  They o b s e r v e d  t h a t  t h e  p r i n c i p a l  g a s  p r o d u c e d  f o l ­
l o w i n g  t h e  a d d i t i o n  o f  g r e e n  manure t o  w a t e r l o g g e d  s o i l  was m e th a n e  w i t h  
o n l y  s m a l l  amounts  o f  COj, H2  and p e r h a p s  n i t r o g e n .  But t h e  g a s  t h a t  was  
e v o l v e d  a t  t h e  s u r f a c e  was a l m o s t  e n t i r e l y  o x y g e n  and n i t r o g e n .  They  
a t t r i b u t e d  t h i s  t o  t h e  f i l m  o f  m i c r o o r g a n i s m s ,  w h ich  a t  t h e  s u r f a c e  c o n ­
t a i n e d  b a c t e r i a ,  a l g a e  and d i a t o m s .  The b a c t e r i a  o x i d i z e d  h y d r o g e n  and  
methane  t o  w a t e r  and C02 » r e s p e c t i v e l y .  The l a t t e r  i n  t u r n  was f i x e d  
p h o t o s y n t h e t i c a 1 l y  by a l g a e  w i t h  t h e  l i b e r a t i o n  o f  o x y g e n .  They i m p l i e d  
t h a t  g r e e n  m an ur in g  s t i m u l a t e d  t h e  grow th  o f  r i c e  th r o u g h  t h e  i n c r e a s e d  
o x y g e n  c o n t e n t  o f  t h e  w a t e r ,  p e r c o l a t i n g  downward th r o u g h  t h e  s u r f a c e  
s o i l .  An a l t e r n a t e  i m p l i c a t i o n  p e r h a p s  o f  more e c o n o m ic  s i g n i f i c a n c e  
may be p o s s i b l e .  The i n c r e a s e d  o x y g e n  c o n t e n t  a t  t h e  s u r f a c e  may i n d u c e  
o x i d a t i o n  o f  s u r f a c e  a p p l i e d  ammonium f e r t i l i z e r  r e s u l t i n g  i n  t h e  form a­
t i o n  o f  n i t r a t e s .  The n i t r a t e  t h u s  formed may move down i n t o  t h e  a n a e r o ­
b i c  z o n e  and s u b s e q u e n t l y  be d e n i t r i f i e d .
A charya  ( 1 9 3 5 a ,  1935b and 1 9 3 5 c )  exam in ed  i n  d e t a i l  t h e  c o u r s e  o f  
a n a e r o b i c  d e c o m p o s i t i o n  o f  r i c e  s t r a w  under  w a t e r  l o g g e d  c o n d i t i o n s ,  a s  
compared w i t h  t h e  a e r o b i c  d e c o m p o s i t i o n .  I n  one  s e t  o f  e x p e r i m e n t s ,  he  
d e m o n s t r a t e d  t h a t  a p p a r e n t l y  d e c o m p o s i t i o n  p r o c e e d e d  i n  two d i s t i n c t  
p h a s e s .  The f i r s t  p h a s e  r e s u l t e d  In t h e  r a p i d  f o r m a t i o n  o f  o r g a n i c  a c i d s  
and t h e  s e c o n d  p h a s e  t r a n s f o r m e d  t h e s e  a c i d s  i n t o  g a s e o u s  p r o d u c t s .  The  
l a t t e r  p r o c e s s  was more s e n s i t i v e  t o  pH and p r o g r e s s e d  a t  a maximum r a t e  
a t  a b o u t  pH 7 . 5 .  The p r o d u c t s  o f  d e c o m p o s i t i o n  w ere  a c e t i c  a c i d ,  
b u t y r i c  a c i d ,  CO2 , CH^ and t r a c e  amounts  o f  H2 - I n  t h e  p r e s e n c e  o f  
n e u t r a l i z i n g  a g e n t s ,  o v e r  2 0  l i t e r s  o f  g a s  c o n t a i n i n g  a b o u t  50 p e r  c e n t
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m eth a n e  w ere  o b t a i n e d  from t h e  d e c o m p o s i t i o n  o f  100 -gram  o f  s t r a w .  I n  
s u b s e q u e n t  s t u d i e s  on t h e  c o m p o s i t i o n  o f  g a s e o u s  p r o d u c t s ,  A ch arya  n o t e d  
t h a t  t h e  s t r i c t n e s s  o f  a n a e r o b i c  c o n d i t i o n s  c a u s e d  t h e  amount o f  m ethane  
g i v e n  o f f  t o  i n c r e a s e ,  w h i l e  CO2  d e c r e a s e d  and h y d r o g e n  f i r s t  I n c r e a s e d  
and t h e n  d e c r e a s e d .  He a l s o  p o i n t e d  o u t  t h a t  maximum d e c o m p o s i t i o n  o c ­
c u r r e d  a t  30°C t o  35°C a t  pH 8 . 0 .  Beyond t h i s  r a n g e ,  t h e r e  was  an  
a c c u m u l a t i o n  o f  a c i d s  and g a s  f o r m a t i o n  was s u p p r e s s e d .
A n o t h e r  e s s e n t i a l  f e a t u r e  o f  t h e s e  s t u d i e s  was t h a t  t h e  s u p p l y  o f  
a v a i l a b l e  r i t r o g e n  was o f  paramount  i m p o r t a n c e  f o r  a e r o b i c  d e c o m p o s i t i o n ,  
w h i l e  i t  was r e l a t i v e l y  i n s i g n i f i c a n t  i n  a n a e r o b i c  d e c o m p o s i t i o n .
f  a r r a n t  and S a t o  ( 1 9 6 1 )  s t u d i e d  t h e  d e c o m p o s i t i o n  o f  g l u c o s e ,  s u c r o s e ,  
s t a r c h ,  c e l l u l o s e ,  g e l a t i n e ,  p e c t i c  a c i d  and l i g n i n .  Im m ed ia te  e v o l u t i o n  
o f  h y d r o g e n  was o b s e r v e d  w here  t h e  s o l u b l e  s u g a r s  w ere  a d d e d .  I t  was  
then  f o l l o w e d  by th e  f o r m a t i o n  o f  m eth ane  a f t e r  t h e  r e a b s o r p t i o n  o f  h y ­
d r o g e n  by t h e  s o i l .  The h y d r o g e n  d i d  n o t  p e r s i s t  more t h a n  one  d a y .  In  
a b o u t  two w e e k s '  t i m e ,  l a r g e  am ounts  o f  C02  and CH  ̂ w ere  e v o l v e d  from a l l  b u t  
t h e  l i g n i n  t r e a t m e n t .  I n  t h e  t e m p e r a t u r e  range  1 5 °  t o  6 0 ° C ,  t h e  maximum 
p r o d u c t i o n  o f  g a s e s  was o b s e r v e d  a t  4 0 ° C .  B e lo w  or ab o v e  t h i s  t e m p e r a ­
t u r e ,  t h e  f o r m a t i o n  o f  g a s e s  was g r e a t l y  s u p p r e s s e d .
from  t h e  f o r e g o i n g  s t u d i e s ,  i t  c a n  be s a f e l y  c o n c l u d e d  t h a t  o r g a n i c  
a c i d s  r a t h e r  th a n  s u g a r s  c o n s t i t u t e  t h e  b a s i c  s u b s t r a t e  f o r  t h e  b a c t e r i a l  
s p e c i e s  t h a t  p r o d u c e  CH^. The a n a e r o b i c  c a r b o n  breakdown m u s t ,  t h e r e ­
f o r e ,  be c h a r a c t e r i z e d  by t h e  f o r m a t i o n  o f  o r g a n i c  a c i d s ,  CH  ̂ and C02  a s  
t h e  m ajor  end  p r o d u c t s .
R e g a r d i n g  t h e  d e c o m p o s i t i o n  o f  p r o t e i n  i n  a w a t e r l o g g e d  s o i l ,  i t  
may be s a i d  t h a t  t h e  f i n a l  end  p r o d u c t s  a r e  u s u a l l y  a m n o n ia , c a r b o x y l l c  
a c i d s ,  a m i n e s ,  m e r c a p t a n s  and h y d r o g e n  s u l f i d e .  The m e t a b o l i c  pathway  
o f  p r o t e i n  breakdown i s  p r o b a b l y  t h e  same u n der  b o t h  w a t e r l o g g e d  and w e l l -
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d r a i n e d  s o i l s  u n t i l  t h e  f o r m a t i o n  o f  am ino  a c i d s  o c c u r s .  Under  a e r o b i c  
e n v i r o n m e n t s ,  t h e  p r o c e s s  o f  d e a m i n a t i o n  t a k e s  p l a c e  and t h e  c a r b o x y l i c  
a c i d s  t h u s  formed a r e  c h a n n e l l e d  i n t o  t h e  Krebs c y c l e .  The ammonia i s  
e i t h e r  h e l d  on  c o l l o i d a l  p a r t i c l e s  i n  e x c h a n g e a b l e  or  n o n - e x c h a n g e a b l e  
fo rm  or  i s  o x i d i z e d  t o  NO^- t h r o u g h  t h e  a c t i v i t i e s  o f  n i t r i f l e r s .  Under  
a n a e r o b i c  c o n d i t i o n s ,  on t h e  o t h e r  h a n d ,  t h e  p r o d u c t s  o f  d e a m i n a t i o n  and  
o f  s u b s e q u e n t  d e c a r b o x y l a t i o n  may a c c u m u l a t e  o r  be t r a n s f o r m e d  i n t o  g a s ­
e o u s  p r o d u c t s .
E. N i t r o g e n  T r a n s f o r m a t i o n  i n  S o i l s  
1 ,  Forms and D i s t r i b u t i o n  o f  S o i l  N i t r o g e n
A l a r g e  p r o p o r t i o n  o f  s o i l  n i t r o g e n  i s  r e p r e s e n t e d  by o r g a n i c a l l y  
bound n i t r o g e n  and o n l y  a s m a l l  amount a p p e a r s  i n  the  i n o r g a n i c  f r a c t i o n .  
I t  i s  t h i s  i n o r g a n i c  f r a c t i o n ,  h o w e v e r ,  w h ic h  i s  t h e  im m e d ia te  s o u r c e  o f  
p l a n t  a v a i l a b l e  n i t r o g e n .  O r g a n ic  n i t r o g e n  form s  t h e  p o t e n t i a l  r e s e r v e  
o f  n i t r o g e n  f o r  t h e  n u t r i t i o n  o f  p l a n t s  b u t  i s  a v a i l a b l e  t o  p l a n t s  o n l y  
a f t e r  i t  h as  b e e n  c o n v e r t e d  t o  the  i n o r g a n i c  form .
a . I n o r g a n i c  N i t r o g e n
The I n o r g a n i c  n i t r o g e n  i n  t h e  s o i l  c o n s t i t u t e s  o n l y  a s m a l l  f r a c ­
t i o n  o f  t o t a l  s o i l  n i t r o g e n .  I t  i s  p r e s e n t  c h i e f l y  a s  ammonium (NH^+ ) 
and n i t r a t e  (NO^- ) n i t r o g e n .  N i t r i t e  (NC>2 ~) may a l s o  be p r e s e n t  a s  an  
i n t e r m e d i a t e  p r o d u c t  o f  n i t r i f i c a t i o n ,  d e n i t r i f i c a t i o n  and n i t r a t e  r e ­
d u c t i o n .  The amount p r e s e n t  i n  normal s o i l s ,  h o w e v e r ,  i s  g e n e r a l l y  
n e g l i g i b l e  b u t  may a c c u m u l a t e  i n  n e u t r a l  o r  a l k a l i n e  s o i l s  p a r t i c u l a r l y  
when f e r t i l i z e d  w i t h  h i g h  r a t e s  o f  ammonium ( M a r t i n  e t  a l . , 1943;
Chapman and L i e b i g ,  1 9 5 2 ;  D u i s b e r g  and B u e h r e r ,  1 954 ;  F u l l e r ,  1 9 6 3 ) .  
A c c u m u l a t i o n  o f  n i t r i t e  may a l s o  o c c u r  i n  a c i d  s o i l s  w h i c h  h a v e  b e e n  
t r e a t e d  w i t h  a n h y d r o u s  amnonla  (Nommik and N i l s s o n ,  1 9 6 3 )  o r  w i t h  u rea
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( S o u l I d e s  and C l a r k ,  1958;  C l a r k  e_t a _ l . , 1 960 ;  S t e p h e n  and Wald,  1 9 6 3 ) .  
Hauck and S t e p h e n s o n  ( 1 9 6 5 )  a s s o c i a t e d  t h e  n i t r i t e  a c c u m u l a t i o n  t o  l a r g e  
g r a n u l e  s i z e ,  low s o i l  b u f f e r  c a p a c i t y ,  an  a l k a l i n e  pH o f  t h e  im m ed ia te  
g r a n u l e  e n v i r o n m e n t  and h e a v y  amounts  o f  n i t r o g e n  a p p l i c a t i o n .  The a c ­
c u m u l a t i o n  o f  n i t r i t e  i n  s o i l  i s  p r o b a b l y  due t o  the  I n h i b i t i n g  e f f e c t  
o f  NH^+ on t h e  o x i d a t i o n  o f  n i t r i t e  t o  n i t r a t e  by N i t r o b a c t o r  s p e c i e s  
(B r o a d b e n t  e t  a l . ,  1 957 ;  A leem  and A l e x a n d e r ,  1 9 6 0 ) .  S e v e r a l  o t h e r  forms  
o f  i n o r g a n i c  n i t r o g e n ,  s u c h  a s  h y d r o x y l a m i n e , h y p o n i t r o u s  a c i d  and n i t r a -  
m i d e , may o c c u r  a s  i n t e r m e d i a t e s  i n  t h e  m i c r o b i a l  p r o c e s s e s  l e a d i n g  to  
n i t r i f i c a t i o n ,  n i t r o g e n  f i x a t i o n  and d e n i t r i f i c a t i o n .  T h ese  compounds  
a r e  c h e m i c a l l y  u n s t a b l e ,  h e n c e  a r e  n o t  d e t e c t e d  d u r i n g  t h e  c o u r s e  o f  
ana l y s i s .
Most o f  t h e  i n o r g a n i c  n i t r o g e n  p r e s e n t  i n  th e  s o i l  i s  w a t e r  s o l u b l e  
or a d s o r b e d  on th e  e x c h a n g e  c o m p l e x .  A p p r o x i m a t e l y  5 p e r  c e n t  o f  t h e  
ammonium n i t r o g e n  i n  s u r f a c e  s o i l s  may be  f i x e d  i n  t h e  l a t t i c e  o f  s i l i ­
c a t e  m i n e r a l s  i n  n o n - e x c h a n g e a b l e  form ( B a r s h a d ,  1 951 ;  A l l i s o n  £ t  a l . .  
1953;  Notnmik, 1 957 ;  S t o j a n o v i c  and B r o a d b e n t ,  1 9 6 0 ) .  The m a g n i t u d e  o f  
ammonium f i x a t i o n  may e x c e e d  30  p e r  c e n t  or  more i n  c e r t a i n  s u b s o i l s .
The i n o r g a n i c  n i t r o g e n  c o n s t i t u t e s  a v e r y  dynamic  s y s t e m  and u n d e r g o e s  
r a p i d  c h a n g e s  i n  i t s  form and amount.  The I n c o r p o r a t i o n  i n t o  m i c r o b i a l  
c e l l  s u b s t a n c e ,  i m m o b i l i z a t i o n  i n  humus,  a b s o r p t i o n  by p l a n t ,  l o s s  by  
v o l a t i l i z a t i o n  and t h e  a b s o r p t i o n  r e a c t i o n s  i n  t h e  c r y s t a l  l a t t i c e  a r e  
r a t h e r  f a s t  p r o c e s s e s .  On t h e  o t h e r  h an d ,  i n o r g a n i c  n i t r o g e n  i s  c o n t i n ­
u o u s l y  formed by t h e  m i n e r a l i z a t i o n  o f  t h e  o r g a n i c  f r a c t i o n .  These  
f l u c t u a t i o n s  s u g g e s t  t h a t  t h e  amount o f  i n o r g a n i c  n i t r o g e n  d e t e r m i n e d  a t
a n y  o n e  t im e  may n o t  r e p r e s e n t  t h e  c a p a c i t y  o f  t h e  s o i l  t o  s u p p l y  t h e
+
i n o r g a n i c  n i t r o g e n  (NH^ + NO-j ) o v e r  a p e r i o d  o f  t i m e .
The i n o r g a n i c  n i t r o g e n  r e g i m e  i n  w a t e r l o g g e d  s o i l s  i s  e s s e n t i a l l y
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c h a r a c t e r i z e d  by t h e  a c c u m u l a t i o n  o f  ammonia and t h e  a b s e n c e  o f  n i t r a t e s .  
T h i s  o c c u r s  b e c a u s e  t h e  m i n e r a l i z a t i o n  o f  o r g a n i c  n i t r o g e n  d o e s  n o t  p r o ­
c e e d  b eyon d  th e  ammonium s t a g e  i n  t h e  a b s e n c e  o f  o x y g e n ,  s i n c e  o x y g e n  i s  
n e c e s s a r y  f o r  m i c r o b i a l  c o n v e r s i o n  o f  ammonia t o  n i t r a t e .  As w i l l  be  
p o i n t e d  o u t  l a t e r  i n  t h i s  r e p o r t ,  h o w e v e r ,  s p e c i a l  c o n d i t i o n s  c a n  e x i s t  
under w h ic h  n i t r a t e s  c a n  be  formed i n  w a t e r l o g g e d  s o i l s .  The n i t r a t e s  
p r e s e n t  i n  t h e  s o i l  b e f o r e  w a t e r l o g g i n g  may be removed by l e a c h i n g ,  d e ­
n i t r i f i c a t i o n  and p l a n t  u p t a k e .  I t  i s  p o s s i b l e  t h a t  some o f  t h e  n i t r a t e  
c o u l d  be r e d u c e d  t o  ammonia,  b u t  t h e  amount r e d u c e d  i s  v e r y  i n s i g n i f i c a n t  
(De and S a r k a r ,  1 9 3 6 ;  B r o a d b e n t  and S t o j a n o v i c ,  1 9 5 2 ;  W i j l e r  and D e l w l c h e ,  
1 9 5 4 ) .
The p r e s e n c e  o f  n i t r i t e  i n  w a t e r l o g g e d  s o i l  h as  b e e n  i n d i c a t e d  
( J a n s s e n  and M e t z g a r ,  1 9 2 8 ) ,  b u t  t h e  am ounts  r e p o r t e d  a r e  I n v a r i a b l y  low.  
The l e v e l s  o f  n i t r i t e  i n  w a t e r l o g g e d  s o i l  I n c l u d i n g  t h o s e  f e r t i l i z e d  w i t h  
n i t r a t e  g e n e r a l l y  l i e  i n  t h e  r a n g e  0 t o  3 ppm ( J a n s s e n  and M e t z g a r ,
1 928 ;  Kapp, 1 932 ;  De and S a r k a r ,  1 9 3 6 ;  Reed and S t u r g i s ,  1 9 3 7 ) .
Ammonium n i t r o g e n ,  w h i c h  c o n s t i t u t e s  a l m o s t  c o m p l e t e l y  t h e  i n ­
o r g a n i c  p o o l  o f  n i t r o g e n  i n  w a t e r l o g g e d  s o i l s ,  u n d e r g o e s  t h e  same r e a c ­
t i o n s  i n  w a t e r l o g g e d  s o i l s  a s  i n  w e l l  d r a i n e d  s o i l s ,  w i t h  t h e  e x c e p t i o n  
o f  n i t r i f i c a t i o n  w h i c h  i s  u s u a l l y  s e v e r e l y  r e s t r i c t e d .  I t  c a n  be t a k e n  
up by p l a n t s ,  i m m o b i l i z e d  i n t o  c e l l  s u b s t a n c e s ,  a b s o r b e d  i n  t h e  c l a y  
c r y s t a l  l a t t i c e  and v o l a t i l i z e d  i n t o  t h e  a i r  u n de r  a l k a l i n e  c o n d i t i o n s .
The d e g r e e  and r a t e  o f  t h e s e  r e a c t i o n s  depend upon t h e  c o n d i t i o n s  b r i n g ­
i n g  a b o u t  t h e  t r a n s f o r m a t i o n .
b .  O r g a n ic  N i t r o g e n
The n a t u r e  o f  n i t r o g e n - c o n t a i n i n g  o r g a n i c  compounds o c c u r r i n g  i n  
s o i l  i s  n o t  w e l l  u n d e r s t o o d .  A n a l y t i c a l  d i f f i c u l t i e s  i n  f r a c t i o n a t i o n  
and d e t e r m i n a t i o n  h a v e  g r e a t l y  h i n d e r e d  r e s e a r c h  on  t h e  n a t u r e  and
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a b u n d a n c e  o f  o r g a n i c  n i t r o g e n  compounds i n  s o i l s .  N e v e r t h e l e s s , i n f o r ­
m a t i o n  c o n c e r n i n g  t h e s e  compounds h a s  b e e n  o b t a i n e d  w h i c h  adds  t o  ou r  
u n d e r s t a n d i n g  o f  t h e  n i t r o g e n  t r a n s f o r m a t i o n  w i t h i n  th e  o r g a n i c  p o o l  and  
i t s  a v a i l a b i l i t y  t o  p l a n t s .  The u s e f u l n e s s  o f  f r a c t i o n a t i o n  t e c h n i q u e s  
i s  f u r t h e r  r e a l i z e d  i n  s t u d i e s  o f  t h e  d i s t r i b u t i o n  o f  o r g a n i c  n i t r o g e n  
compounds i n  t h e  s o i l  p r o f i l e  ( S t e v e n s o n ,  1 957 ;  Sowden,  1 9 5 8 ;  Bremner ,  
1958'. .
The m eth o d s  u s e d  f o r  f r a c t i o n a t i o n  o f  o r g a n i c  n i t r o g e n  In  s o i l s  
h a v e  b e f n  b a s e d  l a r g e l y  on  s t u d i e s  i n v o l v i n g  i d e n t i f i c a t i o n  and e s t i m a ­
t i o n  o f  t h e  n i t r o g e n  compounds r e l e a s e d  by t r e a t m e n t  o f  s o i l s  w i t h  h o t  
a c i d s .  These  m ethod s  a r e  e s s e n t i a l l y  m o d i f i c a t i o n  o f  Hausmann ( 1 8 9 9 )
and Van S l y k e  ( 1 9 1 1 - 1 9 1 2 ,  1 915 )  c l a s s i c  m eth o d s  o f  p r o t e i n  a n a l y s i s .
+
f r a c t i o u s  i s o l a t e d  g e n e r a l l y  i n c l u d e  h y d r o l y z e d  NH  ̂ - N ,  a m in o -N ,  non 
a m in o -N ,  humin-N and u n h y d r o l y z e d - N  ( K o j im a ,  1 947 ;  Bremner ,  1 9 4 9 a ,  
F e n d i n g ,  1 9 5 1 ;  S t e v e n s o n  £ £  a_l. ,  1 957 ;  Cheng and K u r t z ,  1 9 6 3 ;  S t e w a r t  
e_t a_l. ,  1 9 6 3 ) .  R e c e n t l y ,  h o w e v e r ,  more s p e c i f i c  m e th o d s  o f  c h a r a c t e r i s ­
i n g  o r g a n i c  n i t r o g e n  s u b s t a n c e s  h a v e  b een  d e v e l o p e d  w h ic h  p e r m i t  b o th  
d e t e r m i n a t i o n  and i s t o p e - r a t i o  a n a l y s i s  o f  t o t a l  N, ammonium N, h e x o -  
s a m i n e - N ,  ( s e r i n e  +  t h r e o n i n e ) - N  ( h y d r o x y  amino a c l d - N ) ,  and amino  
a c i d - N  i n  s o i l  h y d r o l y z a t e  (B rem n er ,  1 9 6 5 c ) .
The s u b j e c t  o f  d i s t r i b u t i o n  o f  n i t r o g e n  compounds In s o i l  h a s  o f t e n  
been  r e v i e w e d  ( T y u r i n ,  1937;  Waksman, 1 938 ;  K oj im a ,  1 947;  E n s m in g e r  and 
P e a r s o n ,  1 950 ;  Brem ner ,  1 9 5 1 ,  1 9 5 2 ,  1 956 ;  Harmsen and v a n  S c h r e v e n ,
1 955 ;  S c h e f f e r  and U l r i c h ,  1 960 ;  Kononova,  1 961 ;  and R u s s e l l ,  1 9 6 1 ) ,  A 
c o m p r e h e n s i v e  r e v i e w  h a s  r e c e n t l y  b e e n  p u b l i s h e d  by Bremner ( 1 9 6 5 d ) ,  
t h e r e f o r e  no  d e t a i l e d  a c c o u n t  o f  t h e  s u b j e c t  w i l l  be I n c l u d e d  h e r e .  
How ever ,  a summary o f  p r e s e n t  i n f o r m a t i o n  a b o u t  t h e  n a t u r e ,  amount and  
d i s t r i b u t i o n  o f  v a r i o u s  o r g a n i c  n i t r o g e n  compounds i n  s o i l s  i s
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i r .c o r p o  r a t e d .
C u r r e n t  i n f o r m a t i o n  on t h e  amount o f  t o t a l  o r g a n i c  n i t r o g e n  In  
s o i l s  I n d i c a t e s  t h a t  w e l l  a b o v e  90 p e r  c e n t  o f  t h e  t o t a l  n i t r o g e n  i n  
m ost  s u r f a c e  s o i l s  i s  o r g a n i c a l l y  bou nd .  I t  i s ,  h o w e v e r ,  d i f f e r e n t  i n  
c e r t a i n  s u b s o i l s  w h e r e  a b o u t  30 t o  4 0  p e r  c e n t  o f  t o t a l  n i t r o g e n  may be  
p r e s e n t  a s  f i x e d  ammonium (B rem n er ,  I 9 6 5 d ) .
The h y d r o l y s i s  s t u d i e s  by Kojima ( 1 9 4 7 ) ,  Bremner ( 1 9 4 9 a ) ,  S t e v e n s o n  
( 1 9 5 4 ,  1 9 5 6 ) ,  Sowden ( 1 9 5 6 ,  Young and M o r t e n s e n  ( 1 9 5 8 ) ,  Kenney and Bremner  
( 1 9 6 4 /  h a v e  shown t h a t  20 t o  4 0  p e r  c e n t  o f  t h e  t o t a l  n i t r o g e n  i n  m o s t  
s u r f a c e  s o i l s  i s  r e p r e s e n t e d  by bound am ino  a c i d  f r a c t i o n .  The amount o f  
amino  a c i d s  d e c r e a s e s  w i t h  t h e  d e p t h  i n  t h e  p r o f i l e  ( S t e v e n s o n ,  1 9 5 7 c ,  
Bremner ,  l ? 5 8 b ,  1959)  and i s  a f f e c t e d  by the  c r o p p i n g  s y s t e m ,  f e r t i l i z a ­
t i o n  and c u l t i v a t i o n  ( R e n d i n g ,  1 9 4 7 ,  1 951 ;  S t e v e n s o n ,  1956b;  Young and 
M o r t e n s o n ,  1 958 ;  P o r t e r  et  ̂ a l . ,  1 9 6 4 ;  Kenney and Bremner ,  1 9 6 4 ) .  The 
c o m p o s i t i o n  o f  amino a c i d s  i n  t h e  am in o-N  f r a c t i o n  o f  a c i d  h y d r o l y z a t e  
shows t h e  p r e s e n c e  o f  s e v e r a l  amino a c i d s  o f  th e  a l i p h a t i c  and a r o m a t i c  
g r o u p s ,  some s u l f u r  c o n t a i n i n g  amino a c i d s  and h e t e r o c y c l i c  amino a c i d s  
(b r e m n e r ,  1 9 6 5 d ) .
I r e s n n t  i n f o r m a t i o n  i n d i c a t e s  t h a t  a c o n s i d e r a b l e  p o r t i o n  ( 1 5 - 2 5  
p e r  c e n t )  o f  s o i l  n i t r o g e n  i s  r e l e a s e d  a s  ammonium by a c i d  h y d r o l y s i s  
o f  s u r f a c e  s o i l s  (Brem ner ,  1 9 4 9 a ;  Cheng and K u r t z ,  1 9 6 3 ;  S t e w a r t  o t  a l . , 
1963;  Kenney and Bremner ,  1 9 6 4 ) .  The amount o f  ammonium r e l e a s e d  by 
h y d r o l y s i s  i n  6  N HCl I n c r e a s e s  w i t h  t im e  o f  h y d r o l y s i s  (B rem n er ,  1 9 4 9 a ) ,  
S p e c u l a t i o n  h a s  b e e n  made a s  t o  t h e  o r i g i n  o f  t h i s  f r a c t i o n .  There  i s  
some e v i d e n c e  t h a t  a t  l e a s t  p a r t  o f  i t  comes  from h y d r o l y s i s  o f  a m id e s  
(Sowden ,  1 9 5 8 ) ,  and p e r h a p s  some comes  from t h e  d e c o m p o s i t i o n  o f  h y d r o x y  
amino  a c i d s  and amino s u g a r s .  I t  a l s o  seem s  l i k e l y  t h a t  some i s  formed  
by t h e  d e a m i n a t i o n  o f  o t h e r  amino compounds o c c u r r i n g  i n  t h e  s o i l
i s
(B rem n er ,  1 9 4 9 a ;  Bremner and Shaw, 1 9 5 4 ) .
About  5 - 1 0  p er  c e n t  o f  t h e  s o i l  n i t r o g e n  In  m o s t  s u r f a c e  s o i l s  I s
r e p r e s e n t e d  by amino s u g a r  n i t r o g e n  In  t h e  form o f  h e x o s a m i n e s  (Bremner  
and Shaw, 1 9 5 4 ;  S t e v e n s o n ,  1 957 ;  S i n g h  and S i n g h ,  1 960 ;  Bremner and 
Kenney ,  1 9 6 4 ;  Cheng and K u r t z ,  1 9 6 3 ) .  I n  s e v e r a l  s o i l s  t h e  p r o p o r t i o n  o f  
h e x o s a m i n e s  i n c r e a s e d  w i t h  t h e  d e p t h  o f  t h e  p r o f i l e  s h o w in g  a maximum i n  
th e  B h o r i z o n  ( S t e v e n s o n ,  1 957 ;  Cheng and K u r t z ,  1963;  and S t e v e n s o n  and 
B r a i d s ,  1 9 6 8 ) .  No f r e e  amino  s u g a r s  h a v e  b een  d e t e c t e d .  The amino  su g a r  
N i n  s o i l  a p p e a r s  l a r g e l y  i n  t h e  com bined  form o f  h i g h  m o l e c u l a r  w e i g h t
s u b s t a n c e s .  The n a t u r e  o f  t h e s e  s u b s t a n c e s  i s  s t i l l  o b s c u r e .  Bremner
( 1 9 5 5 )  d e t e c t e d  b o t h  g l u c o s a m i n e s  and g l a c t o s a m i n e s  i n  a c i d  h y d r o l z a t e  
o f  h u n i c  a c i d  p r e p a r a t i o n s  and showed t h a t  from 3 - 1 0  per  c e n t  o f  th e  
n i t r o g e n  i n  t h e s e  p r e p a r a t i o n s  was h e x o s a m l n e - N .  S t e v e n s o n  ( 1 9 6 0 )  and  
Waldron and M o r te n s o n  ( 1 9 6 1 )  f u r t h e r  c o n f i r m e d  t h e  p r e s e n c e  o f  h e x o a m in e s  
i n  h y d r o l y z e t e .
The e v i d e n c e  a s  to  t h e  o c c u r r e n c e  and amount o f  p u r i n e  and p y r i ­
m i d i n e  d e r i v a t i v e s  i n d i c a t e s  t h a t  t h e s e  b a s e s  do n o t  a c c o u n t  f o r  more  
th an  1 p e r  c e n t  o f  t h e  s u r f a c e  s o i l  n i t r o g e n  (Adams ^ t  _ a l . ,  1 9 5 4 ;  
A n d e r s o n ,  1 9 6 1 ) .  S e v e r a l  o t h e r  forms o f  o r g a n i c  n i t r o g e n  i n  t h e  s o i l  
n i t r o g e n  p o o l  h a v e  b e e n  i d e n t i f i e d  b u t  t h e  amounts  d e t e c t e d  a r e  i n s i g n i f ­
i c a n t  (Waksman, 1 9 3 8 ) .  E t h a n o l a m l n e ,  c h o l i n e ,  h i s t a m i n e ,  t r i m e t h y l a m i n e ,  
a l l a n t o i n ,  c y a n u r i c  a c i d ,  u r e a  e t c . ,  a r e  e x a m p le s  o f  s u c h  compounds  
(Brem ner ,  1 9 6 5 d ) .  A l s o ,  i t  h a s  b e e n  t h e o r i z e d  t h a t  some o f  t h e  o r g a n i c  
n i t r o g e n  compounds e x i s t  i n  u n i d e n t i f i e d  f o r m s ,  p r o b a b l y  a s  l i g n l n -  
ammonia,  q u in o n e - a m m o n i a , q u i n o n e - a m i n o  a c i d ,  o r  c a r b o h y d r a t e - a m l n o  a c i d  
c o n d e n s a t i o n  p r o d u c t s .  H ow ever ,  t h e r e  i s  v e r y  l i t t l e  e v i d e n c e  t o  
s u p p o r t  t h e s e  t h e o r i e s ,  and t h e  c h e m i c a l  n a t u r e  o f  a b o u t  50 p e r  c e n t  o f  
t h e  s o i l  n i t r o g e n  h a s  s t i l l  t o  be e x p l o r e d .
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The c u r r e n t  i n f o r m a t i o n  c o n c e r n i n g  t h e  d i s t r i b u t i o n  o f  v a r i o u s  
n i t r o g e n o u s  o r g a n i c  compounds i n  w a t e r l o g g e d  s o i l s  i s  v e r y  m e a g e r .  From 
t h e  f e w  s t u d i e s  a v a i l a b l e  (De and M u k h e r j e e ,  1 951 ;  De,  1 956 ;  and IRRI 
Annual  R e p o r t ,  1 9 6 5 )  i t  c a n  be p o s t u l a t e d  t h a t  a b o u t  t h e  same d i s t r i b u t i o n  
p a t t e r n ,  a s  i n  normal w e l l - d r a i n e d  s o i l s ,  e x i s t s  i n  w a t e r l o g g e d  s o i l s .  
N o t w i t h s t a n d i n g  t h i s  g e n e r a l i z a t i o n ,  f l o o d i n g  d o e s  b r i n g  some i n t e r ­
c h a n g e s  w i t h i n  th e  v a r i o u s  f r a c t i o n s  o f  o r g a n i c  n i t r o g e n  (IRRI Annual  
R e p o r t , 1 9 6 5 ) .
2 .  D i s t r i b u t i o n  o f  Added N i t r o g e n  i n  S o i l s
L i t t l e  i s  known a t  p r e s e n t  a b o u t  t h e  d i s t r i b u t i o n  o f  ad d ed  i n ­
o r g a n i c  n i t r o g e n  among v a r i o u s  f r a c t i o n s  o f  s o i l  n i t r o g e n .  R e c e n t l y ,  
h o w e v e r ,  t h e  a d v e n t  o f  i s t o p i c  t r a c i n g  t e c h n i q u e s  u s i n g  a s  a t r a c e r  
t o  d i f f e r e n t i a t e  b e t w e e n  t h e  added and s o i l  n i t r o g e n ,  and t h e  s u b s e q u e n t  
d e v e l o p m e n t  i n  t h e  f r a c t i o n a t i o n  and d e t e r m i n a t i o n  p r o c e d u r e s  (B rem n er ,  
1 9 6 5 c )  h a s  made t h e s e  s t u d i e s  p o s s i b l e .  The i m p o r t a n c e  o f  t h e s e  s t u d i e s  
l i e s  i n  t h e  u n d e r s t a n d i n g  o f  t h e  f a t e  and d i s t r i b u t i o n  o f  a p p l i e d  n i t r o ­
gen  i n t o  v a r i o u s  f r a c t i o n s  o f  s o i l  n i t r o g e n  p o o l  and t h e i r  s u b s e q u e n t  
a v a i l a b i l i t y  t o  t h e  p l a n t .
I n  g e n e r a l ,  i t  h a s  b e e n  found  t h a t  a l a r g e  p r o p o r t i o n  o f  added  
n i t r o g e n  i n  s u r f a c e  s o i l s  i s  c o n v e r t e d  i n t o  amino  a c i d  f r a c t i o n  and a 
s m a l l e r  p o r t i o n  g o e s  t o  a m i n o - s u g a r  c o m p o n e n t s .  (Brem ner ,  1 955 ;  Sowden  
and I v a r s o n ,  1 959 ;  S t e w a r t  e t  a _ l . , 1 963 ;  Cheng and K u r t z ,  1 9 6 3 ) .
B r e m n e r 1s ( 1 9 5 5 )  s t u d y  c o n c e r n e d  t h e  c o m p o s t i n g  o f  p l a n t  r e s i d u e s  and  
f e r t i l i z e r  n i t r o g e n  i n  t h e  a b s e n c e  o f  s o i l .  He showed t h a t  a l a r g e  
f r a c t i o n  o f  f e r t i l i z e r  n i t r o g e n  i m m o b i l i z e d  d u r i n g  t h e  b i o l o g i c a l  d e ­
c o m p o s i t i o n  o f  s t r a w  was i n  t h e  form o f  bound amino a c i d s  and a s m a l l e r  
f r a c t i o n  was i n  t h e  form o f  s u g a r s .  S i m i l a r  r e s u l t s  w ere  r e p o r t e d  by  
Sowden and I v a r s o n  ( 1 9 5 9 )  i n  t h e  d e c o m p o s i t i o n  s t u d y  o f  f o r e s t  l i t t e r .
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S i n c e  t h e s e  s t u d i e s  w ere  made i n  t h e  a b s e n c e  o f  s o i l ,  no  d e f i n i t e  e x t r a ­
p o l a t i o n  o f  t h e s e  r e s u l t s  c o u l d  be made t o  t h e  s o i l  s y s t e m .  S t e w a r t  e t  
a l . ( 1 9 6 3 )  s t u d i e d  t h e  n i t r o g e n  t r a n s f o r m a t i o n s  i n  s o i l  I n c u b a t e d  w i t h  
s t r a w  and v a r i o u s  n i t r o g e n  f e r t i l i z e r s .  M ost  o f  t h e  n i t r o g e n  i m m o b i l i z e d  
d u r i n g  t h e  i n c u b a t i o n  was r e c o v e r e d  i n  t h e  n o n d l s t i l l a b l e  a c i d - s o l u b l e  
n i t r o g e n  f r a c t i o n  w h ich  i n  t h i s  s t u d y  was a n a l o g o u s  t o  am ino  a c i d  f r a c ­
t i o n .  A l t h o u g h  t h i s  n o n d l s t i l l a b l e  f r a c t i o n  c o n s t i t u t e d  o n l y  a b o u t  50  
p e r  c e n t  o f  t h e  t o t a l  o r g a n i c  n i t r o g e n ,  n i t r o g e n - 1 5  s t u d i e s  showed t h a t  
a b o u t  t h r e e  t i m e s  a s  much n i t r o g e n  e n t e r e d  th e  amino a c i d  f r a c t i o n  a s  w ent  
t o  the  o t h e r  o r g a n i c  f r a c t i o n s .  F u r t h e r ,  t h e y  p o i n t e d  o u t  a n  i n v e r s e  
r e l a t i o n s h i p  b e t w e e n  t h e  c h a n g e s  i n  i n o r g a n i c  n i t r o g e n  t o  t h a t  o f  amino  
a c i d - N .  S i m i l a r  c o n c l u s i o n s  w ere  drawn by Cheng and K u rtz  ( 1 9 6 3 )  on  
t h r e e  l y s i m e t e r  s o i l s  p r e v i o u s l y  f e r t i l i z e d  w i t h  e n r i c h e d  n i t r o g e n
and c r o p p e d  t o  c o r n  f o r  two c o n s e c u t i v e  y e a r s .  About  65  per  c e n t  o f  th e  
added  n i t r o g e n  was r e c o v e r e d  a s  amino a c i d  com p o n en ts  and s l i g h t l y  o v e r  
10 p er  c e n t  was d e t e c t e d  i n  amino  s u g a r s .  T o g e t h e r  w i t h  th e  h y d r o l y s e d  
ammonium f r a c t i o n  t h e s e  t h r e e  f r a c t i o n s  c o n t a i n e d  o v e r  90 p e r  c e n t  o f  
t h e  added  f e r t i l i z e r  n i t r o g e n  i n  t h e  s o i l .  V ery  s m a l l  a m o u n ts ,  u s u a l l y  
5 - 1 0  per  c e n t ,  w en t  i n t o  s o l u b l e  and i n s o l u b l e  humin-N f r a c t i o n s .  The 
f i x a t i o n  o f  add ed  ammonium was I n s i g n i f i c a n t  ( 0 - 1  ppm).
A g a i n ,  t h e  i n f o r m a t i o n  on t h e  d i s t r i b u t i o n  o f  added n i t r o g e n  i n t o
t h e  s o i l  o r g a n i c  p o o l  o f  n i t r o g e n  under  w a t e r l o g g e d  c o n d i t i o n s  i s  s c a n t y .
The s o i l  m i c r o b i o l o g y  gro u p  a t  IRR I( 1 9 6 5 )  s t u d i e d  t h e  f a t e  o f  a p p l i e d
n i t r o g e n  i n  subm erged  s o i l s  i n  o r d e r  t o  i n v e s t i g a t e  t h e  movement o f
I n o r g a n i c  n i t r o g e n  i n t o  t h e  o r g a n i c  f r a c t i o n s  o f  s o i l  n i t r o g e n  and i t s
s u b s e q u e n t  r e l e a s e .  The m ost  i m p o r t a n t  o r g a n i c  n i t r o g e n  f r a c t i o n s  in
term s  o f  i m m o b i l i z a t i o n  w ere  t h e  h y d r o l y s e d  NH^+ -N f r a c t i o n ,  am ino  a c i d
+
f r a c t i o n  and am ino  s u g a r s .  N i t r o g e n  e n t e r i n g  t h e  e x c h a n g e a b l e  NH  ̂ -N
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f r a c t i o n  f o l l o w i n g  s u b m e r g e n c e  was l a r g e l y  d e r i v e d  from h y d r o l y s e d  
+
NH  ̂ -N ,  amino  a c i d s - N  and amino s u g a r - N  f r a c t i o n s .  An I m p o r ta n t  f e a t u r e  
o f  t h i s  s t u d y  em erged  from t h e  f a c t  t h a t  a c o n s i d e r a b l e  p o r t i o n  o f  a p ­
p l i e d  n i t r o g e n  was n o t  a c c o u n t e d  f o r  i n  any o f  t h e  f r a c t i o n s  i s o l a t e d .  
L o s s e s  o f  t h i s  n i t r o g e n  th r o u g h  n i t r i f i c a t i o n  and s u b s e q u e n t  d e n i t r i f i -  
c a t i o n  w ere  s p e c u l a t e d .
T h ese  r e s u l t s  i n d i c a t e  t h a t  the  added n i t r o g e n  u n d e r g o e s  more or  
l e s s  s i m i l a r  c h a n g e s ,  i n  s o  f a r  i t s  d i s t r i b u t i o n  i n t o  v a r i o u s  o r g a n i c  
f r a c t i o n s  i s  c o n c e r n e d ,  b o t h  under  w a t e r l o g g e d  and w e l l - d r a i n e d  c o n d i ­
t i o n s  e x c e p t  t h a t  some o f  t h e  a p p l i e d  n i t r o g e n  i n  w a t e r l o g g e d  s o i l s  i s  
p r o b a b l y  l o s t  t h r o u g h  d e n i t r i f i c a t i o n .
3 .  M i n e r a l i z a t i o n  and I m m o b i l i z a t i o n  o f  N i t r o g e n
a . G e n e r a l  C o n c ep t
Of t h e  v a r i o u s  c h a n g e s  n i t r o g e n  c a n  u n d e r g o  i n  s o i l ,  t h e  m l n e r a l l -  
z a t l o n - i m m o b i l i z a t i o n  c y c l e  i s  t h e  c o n t i n u o u s  o n e  b u t  t h e  two i n d i v i d u a l  
s t e p s  o f t e n  a c h i e v e  o p p o s i t e  g o a l s .  M i n e r a l i z a t i o n  p r o c e s s e s  r e s u l t  i n  
th e  t r a n s f o r m a t i o n  o f  o r g a n i c  n i t r o g e n  t o  t h e  i n o r g a n i c  form o f  ammonium*
N o r  ammonia.  I t  i s  c a r r i e d  o u t  by t h e  a c t i v i t i e s  o f  g e n e r a l  p u r p o s e  
h e t e r o t r o p h s  w hich  u t i l i z e  n i t r o g e n o u s  o r g a n i c  compounds a s  t h e i r  e n e r g y  
s o u r c e .  I m n o b i l i z a t i o n  p r o c e s s ,  on  t h e  o t h e r  h an d ,  t r a n s f o r m s  t h e  i n ­
o r g a n i c  n i t r o g e n  (ammonium, n i t r i t e ,  n i t r a t e )  i n t o  o r g a n i c  ompounds.
The I n o r g a n i c  n i t r o g e n  i s  a s s i m i l a t e d  by m i c r o o r g a n i s m s  and m e t a b o l i z e d  
i n t o  n i t r o g e n o u s  c o n s t i t u e n t s  o f  t h e i r  c e l l s .  I n  g e n e r a l ,  t h e  m i n e r a l i ­
z a t i o n  i s  a l w a y s  a c c o m p a n ie d  by i m m o b i l i z a t i o n  s u c h  t h a t  t h e  two p r o c e s s e s  
t e n d  t o  c o u n t e r a c t  e a c h  o t h e r  s o  f a r  a s  t h e  p r o d u c t i o n  o f  m i n e r a l i z a t i o n  
compounds i s  c o n c e r n e d ^ ( J a n s a o n ,  1 9 6 3 ) .
I n  c h a r a c t e r i z i n g  t h e  b i o l o g i c a l  t u r n o v e r  o f  n i t r o g e n  i n  s o i l s ,  
J a n s s o n  ( 1 9 5 8 )  i n t r o d u c e d  th e  term " c o n t i n u o u s  i n t e r n a l  c y c l e "  i n  w hich
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he  p o s t u l a t e d  t h a t  th e  m l n e r a l l z a t i o n - i n m o b i l i z a t l o n  c y c l e  r e p e a t s  I t ­
s e l f  a g a i n  and a g a i n ,  l e a d i n g  tow ards  e x h a u s t i o n  i f  no f r e s h  o r g a n i c  
m a t t e r  i s  added from o u t s i d e .  But when s t a r t i n g  w i t h  p l a n t  r e s i d u e s  w i t h  
a h i g h  C:N r a t i o ,  i t  i s  m a i n l y  the carb on  w h ich  i s  l i b e r a t e d  and l o s t  as  
CO2  i n t o  th e  a tm osp h ere  d u r i n g  th e  c o n s e c u t i v e  c y c l e s  through  th e  t u r h -  
o” e r ,  w h i l e  t h e  n i t r o g e n  i s  r e t a i n e d  in  th e  o r g a n i c  form and p a s s e s  through  
t h e  c y c l e  many t i m e s ,  u n t i l  t h e  C:N r a t i o  h as  become s u f f i c i e n t l y  reduced  
to  a l l o w  f o r  an a c c u m u l a t i o n  o f  i n o r g a n i c  n i t r o g e n .  I t  i s  a t  t h i s  s t a g e  
t h a t  th e  term, " n e t  m i n e r a l i z a t i o n "  o f  n i t r o g e n  can be a p p l i e d .  S i n c e  
t h e  r e a c t i o n s  o f  m i n e r a l i z a t i o n  and i m m o b i l i z a t i o n  a r e  s i m u l t a n e o u s  and 
o p p o s i t e  in  d i r e c t i o n ,  i t  i s  th e  n e t  m i n e r a l i z a t i o n  or  n e t  i m m o b i l i z a t i o n  
w h ich  i s  c o n s e q u e n t i a l  to  f o l l o w  t h e  amounts o f  a v a i l a b l e  n i t r o g e n .  I t  
i s  p o s s i b l e  to  have  l i t t l e  or  no n e t  e f f e c t s  e v e n  though the s i m u l t a n e o u s  
p r o c e s s e s  o f  m i n e r a l i z a t i o n  and i m m o b i l i z a t i o n  a r e  g o i n g  on v i g o r o u s l y .
The r e s u l t i n g  n e t  e f f e c t  u s u a l l y  depends  upon th e  r a t i o  b e tw e e n  th e  c a r ­
b on aceou s  m a t e r i a l  ( e n e r g y  s o u r c e )  and the  n i t r o g e n  in  s u b s t a n c e s  u n der­
g o i n g  d e c o m p o s i t i o n  ( J a n s s o n ,  1 9 6 3 ) .  As a g e n e r a l  r u l e  o f  thumb, th e  
s u b s t a n c e s  r i c h  i n  n i t r o g e n  fa v o r  n e t  m i n e r a l i z a t i o n  and t h o s e  poor  i n  
n i t r o g e n  f a v o r  n e t  i m m o b i l i z a t i o n .
A q u a n t i f i c a t i o n  o f  n i t r o g e n  i m m o b i l i z a t i o n - m i n e r a l i z a t i o n  has  been  
g i v e n  by A le x a n d e r  ( 1 9 6 1 )  t o  d e s c r i b e  th e  i n t e r a c t i o n  b e tw een  m i c r o b i a l  
demand and s u p p l y .  In  t h e  p r o c e s s  o f  d e c o m p o s i t i o n  carbon  i s  r e l e a s e d  
a s  CÔ  and o r g a n i c  n i t r o g e n  aa ammonium. A s i m u l t a n e o u s  s y n t h e s i s  o f  
a d d i t i o n a l  m i c r o b i a l  c e l l  c o n s t i t u e n t  r e s u l t s  i n  th e  a s s i m i l a t i o n  o f  c a r ­
bon and n i t r o g e n  from e i t h e r  t h e  en v ir o n m e n t  o r  t h e  s u b s t r a t e  d e p e n d in g  
upon t h e  t y p e  o f  m i c r o f l o r a  i n v o l v e d .  To e s t i m a t e  t h e  n i t r o g e n  needed  
f o r  m i c r o b i a l  c e l l  s y n t h e s i s ,  A le x a n d e r  ( 1 9 6 1 )  has d e v e l o p e d  a formu­
l a t i o n  b ased  on  d a ta  u s i n g  t h e  amount o f  ca rb o n  a s s i m i l a t i o n  and th e  C:N
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r a t i o  o f  the c e l l s  s y n t h e s i z e d .  I t  i s  e s t i m a t e d  t h a t  5 - 1 0  p er  c e n t  o f  
t h e  s u b s t r a t e  carb on  i s  a s s i m i l a t e d  by b a c t e r i a ;  3 0 - 4 0  per  c e n t  by f u n g i ;  
1 5 - 3 0  p e r  c e n t  by a c t i n o m y c e t e s  and o n l y  2 - 5  per  c e n t  by a n a e r o b i c  
b a c t e r i a .  The ca rb o n  c o n t e n t  o f  m i c r o b i a l  p ro to p la s m  i s  f a i r l y  c o n s t a n t  
and t y p i c a l l y  s t a y s  around 4 5 - 5 0  per c e n t  o f  th e  dry  w e i g h t ,  b u t  th e  
n i t r o g e n  p e r c e n t a g e  i s  a v a r i e n t  f a c t o r  and depends  on th e  e n v i r o n m e n t a l  
c o n d i t i o n s  o f  the  s y s t e m .  As an a p p r o x i m a t i o n ,  h o w e v er ,  C:N r a t i o  o f  
5 : 1 ;  10:1  and 5 : 1  have  b een  p r o p o s e d  f o r  the  c e l l u l a r  components  o f  
b a c t e r i a l ,  f u n g i  and a c t i n o m y c e t e s , r e s p e c t i v e l y  (Waksman, 1 9 2 4 ,  qu oted  
by A l e x a n d e r ,  1 9 6 1 ) .  By co m b in in g  t h e  c o r r e s p o n d i n g  f i g u r e s  f o r  carbon  
a s s i m i l a t i o n  and f o r  th e  C:N r a t i o s  o f  v a r i o u s  m i c r o f l o r a ,  i t  can be 
c a l c u l a t e d  t h a t  f o r  th e  d e c o m p o s i t i o n  o f  1 0 0  u n i t s  o f  s u b s t r a t e  c a r b o n ,  
i t  i s  n e c e s s a r y  t o  p r o v i d e  1 to  2 ,  3 t o  4 and 3 to  6  u n i t s  o f  n i t r o g e n  
f o r  a e r o b i c  b a c t e r i a ,  f u n g i  and a c t i n o m y c e t e s ,  r e s p e c t i v e l y ,  w h i l e  o n l y  
0 . 4  to  1 . 0  u n i t s  o f  n i t r o g e n  a r e  n eeded  by a n a e r o b i c  b a c t e r i a  f o r  the  
same d e g r e e  o f  d e c o m p o s i t i o n .  To f u r t h e r  I l l u s t r a t e  t h i s  a p p ro a ch  i t  
may be n o t e d  t h a t  w i t h  p l a n t  m a t e r i a l  h a v i n g  r o u g h ly  50 p er  c e n t  c a r b o n ,  
f o r  e a c h  100 grams o f  o r g a n i c  m a t t e r  u n d e r g o in g  d e c o m p o s i t i o n  0 . 2  t o  0 . 5 ,  
0 . 5  t o  1 . 0 ,  1 , 5  to  2 . 0  and 1 . 5  to  3 . 0  grams o f  n i t r o g e n  a r e  need ed  by 
a n a e r o b i c  b a c t e r i a ,  a e r o b i c  b a c t e r i a ,  f u n g i  and a c t i n o m y c e t e s ,  r e s p e c ­
t i v e l y .  These  t h e o r e t i c a l  d e d u c t i o n s  b a s e d  a l m o s t  e n t i r e l y  on t h e  c o n ­
s i d e r a t i o n s  o f  u l c r o b i a l  n u t r i t i o n  c l e a r l y  d e f i n e  th e  r o l e  o f  m i c r o b i a l  
ty p e  in  d e t e r m i n i n g  th e  e x t e n t  o f  n i t r o g e n  I m m o b i l i z a t i o n  and t h e  c o n s e ­
q u e n t  r a t e  o f  i n o r g a n i c  n i t r o g e n  r e l e a s e .  From th e  p r e c e d i n g  exam ple  i t  
i s  e v i d e n t  t h a t  I m m o b i l i z a t i o n  i s  g r e a t e s t  f o r  a c t i n o m y c e t e s  and l e a s t  
f o r  a n a e r o b i c  b a c t e r i a .  ThlB e x p l a i n s  why a t  w id e r  C:N r a t i o s  t h e r e  i s  
a more r a p i d  r e l e a s e  o f  ammonium i n  s o l u t i o n  under w a t e r l o g g e d  c o n d i t i o n s  
than under a e r o b i c  c o n d i t i o n s .
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The Im portance  o f  C:N r a t i o  i n  th e  rea lm  o f  n i t r o g e n  I m m o b i l i z a t i o n -  
m l n e r a l l z a t i o n  can  be r e a l i z e d  in  two Im portant  r e s p e c t s .  F i r s t ,  t r e n d s  
i n  C:N r a t i o  r e f l e c t s  t h e  i m m o b i l l z a t i o n - m i n e r a l l z a t i o n  p a t t e r n  o f  n i t r o ­
g e n .  Wider r a t i o s  s t i m u l a t e  i m m o b i l i z a t i o n  w h i l e  th e  narrower r a t i o s  
f a v o r  m i n e r a l i z a t i o n .  S e c o n d ,  th e  C:N r a t i o  i s  i m p o r t a n t  b e c a u s e  d u r i n g  
t h e  d e c o m p o s i t i o n  o f  p l a n t  m a t e r i a l  c a r b o n a c e o u s  s u b s t a n c e s  f u r n i s h  th e  
e n e r g y  s o u r c e  o f  m i c r o b e s  and n i t r o g e n  i s  a s s i m i l a t e d  and m e t a b o l i z e d  as  
p r o t e i n  in  th e  s y n t h e s i s  o f  c e l l  s u b s t a n c e s .  However ,  due t o  c e r t a i n  
e r r o r s  i n v o l v e d  i n  th e  d e t e r m i n a t i o n  o f  the  C:N r a t i o ,  t h e  u s e  o f  n i t r o ­
gen  p e r c e n t a g e  i s  som et im es  p r e f e r r e d  a s  an in d e x  o f  n i t r o g e n  i m m o b i l i z a ­
t i o n  (B arth o lom ew ,  1 9 6 3 ) .
Other u s e f u l  i n d i c e s  have  been  i n t r o d u c e d  t o  e x p r e s s  th e  e x t e n t  
o f  i m m o b i l i z a t i o n  or n i t r o g e n  d e f i c i t  f o l l o w i n g  t h e  a d d i t i o n  o f  wide  C:N 
r a t i o  p l a n t  m a t e r i a l .  H u t c h in s o n  and R ic h a r d s  ( 1 9 2 1 )  and Rege (1 9 2 7 )  
u sed  th e  term " n i t r o g e n  f a c t o r "  to  e x p r e s s  th e  n i t r o g e n  n e e d s  o f  p l a n t  
m a t e r i a l  u n d e r g o i n g  d e c o m p o s i t i o n .  I t  was d e f i n e d  a s  t h e  number o f  grams  
o f  a d d i t i o n a l  n i t r o g e n  needed  in  th e  d e c o m p o s i t i o n  o f  1 0 0  grams o f  o r i g i ­
n a l  p l a n t  m a t e r i a l .  A n o th e r  u s e f u l  i n d e x  " n i t r o g e n  e q u i v a l e n t "  s u g g e s t e d  
by R ic h a r d s  and Norman ( 1 9 3 1 )  was d e f i n e d  a s  th e  number o f  grams o f  
n i t r o g e n  Im m o b i l i z e d  per  1 0 0  grams o f  m a t e r i a l  f e r m e n t e d .
The f o r e g o i n g  p a r a g r a p h s  summarize some o f  th e  e s s e n t i a l  f e a t u r e s  
o f  n i t r o g e n  i m m o b i l i z a t i o n - m i n e r a l i z a t i o n  p r o c e s s .  No d e t a i l e d  d i s c u s ­
s i o n  o f  the s u b j e c t  under  w e l l - d r a i n e d  c o n d i t i o n s  w i l l  be i n c l u d e d  s i n c e  
s e v e r a l  c o m p r e h e n s iv e  r e v i e w s  on t h i s  a s p e c t  o f  n i t r o g e n  t r a n s f o r m a t i o n  
have b een  p u b l i s h e d  (Harmsen and van  S c h r e v e n ,  1935;  D ub ber , 1955;
W in sor ,  1958;  J a n s s o n ,  1958 ,  1963;  Bartholomew,  1965;  D r o u in e a u ,  1965;  
A l l i s o n ,  1 9 6 6 ) .
R ecen t  d e v e lo p m e n t  on the u n d e r s t a n d i n g  o f  n i t r o g e n  i m m o b i l i z a t i o n -
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m i n e r a l i z a t i o n  p r o c e s s  i n  s o i l  may be a t t r i b u t e d  t o  th e  r a t h e r  g e n e r a l  
a d o p t i o n  o f  ^ N - t r a c e r  t e c h n i q u e s .  T r a c e r  s t u d i e s  p e r m i t  b o th  i d e n t i f i ­
c a t i o n  and q u a n t i f i c a t i o n  o f  components  o f  th e  i n o r g a n i c  and o r g a n i c  s o i l  
n i t r o g e n  s y s t e m .  Among th e  numerous s t u d i e s  on th e  t r a c e r  i n v e s t i g a t i o n  
o f  v a r i o u s  a s p e c t s  o f  i m m o b i l i z a t i o n  and m i n e r a l i z a t i o n  i n  s o i l  th e  f o l ­
l o w in g  a r e  t y p i c a l :  ( H i l t b o l d  e t  a_l. , 1951;  Bartholomew and H l l t b o l d ,
1952;  Kirkham and Bartho lom ew ,  1954 ,  1955;  W a l l a c e  and S m ith ,  1954;  
j a n s s o n ,  1 9 5 5 ,  1 9 5 6 ,  1958 ,  1963;  S t o j a n o v i c  and B r o a d b e n t ,  1956;
Walunjkar e_t a_l. , 1959;  B road b en t  and T y l e r ,  1962;  B r o a d b e n t ,  1 9 5 6 ,  1965;  
S t e w a r t  £ t  a_l. , 1963; O v e r r e i n  and B r o a d b e n t ,  1964;  R othamsted  Exper im ent  
S t a t i o n  Annual R e p o r t ,  1965;  and Van Den Hende,  1 9 6 6 ) .  E x c e l l e n t  r e v i e w s  
on t h e s e  s t u d i e s  have  r e c e n t l y  b een  p u b l i s h e d  by J a n s s o n  ( 1 9 5 8 )  and 
A l l i s o n  ( 1 9 6 6 ) .
In  c o n t r a s t  t o  the i n f o r m a t i o n  a v a i l a b l e  f o r  n o n f l o o d e d  s o i l s  th e  
i n f o r m a t i o n  on  th e  n i t r o g e n  l m m o b i l i z a t i o n - m i n e r a l i z a t i o n  p r o c e s s  i n  w a t e r ­
lo g g e d  s o i l s  i s  meager and s c a t t e r e d .  R e c e n t  r e v i e w s  by Bartholomew (1965 )  
and P a t r i c k  and Mahapatra  ( 1 9 6 8 )  r e f l e c t  th e  l a c k  o f  i n f o r m a t i o n .  I t  i s  
t h e r e f o r e  i n t e n d e d  t o  r e v i e w  t h e  s u b j e c t  o f  n i t r o g e n  m i n e r a l i z a t i o n -  
i m m o b i l l z a t i o n  i n  w a t e r l o g g e d  s o i l s  a s  e x t e n s i v e l y  a s  the  l i m i t e d  d a ta  
a v a i l a b l e  w i l l  p e r m i t .  A b r i e f  r e f e r e n c e  t o  normal w e l l  d r a i n e d  s o i l s  
w i l l  be made w h e r e v e r  n e c e s s a r y  f o r  c o m p a r i s o n  p u r p o s e s ,  
b.  N i t r o g e n  M i n e r a l i z a t i o n  i n  W a te r lo g g e d  S o i l s  
The s p e c i a l  c o n d i t i o n  p r e v a i l i n g  i n  w a t e r l o g g e d  s o i l s  l e a d s  to  a 
c o n s i d e r a b l e  m o d i f i c a t i o n  o f  t h e  a m m o n l f i c a t i o n  p r o c e s s  and c o m p le t e  
s u p p r e s s i o n  o f  n i t r i f i c a t i o n  i n  s o i l  z o n e s  w hich  a r e  c o m p l e t e l y  d e v o id  
o f  o x y g e n .
The breakdown o f  o r g a n i c  m a t t e r  w h ich  l e a d s  to  the  l i b e r a t i o n  o f  
ammonium i o n s  i n t o  t h e  s o l u t i o n  p h a s e  p r o c e e d s  a t  a much s l o w e r  r a t e  i n
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a n a e r o b i c  e n v ir o n m e n t s  th an  i n  an a e r o b i c  e n v ir o n m e n t  (Tenny and Waksman, 
1930;  A c h a r y a ,  1 9 3 5 a ,  1935b ,  1 9 3 5 c ) .  T h is  i s  b e c a u s e  th e  d e g r a d a t i o n  o f  
o r g a n i c  m a t t e r  i n  w e l l ' d r a i n e d  s o i l s  i s  c a u s e d  by g e n e r a l  p u r p o se  h e t e r o -  
t r o p h l c  b a c t e r i a ,  f u n g i  and a c t i n o m y c e t e s ,  o f  w h ich  t h e  f u n g i  a r e  p erh ap s  
t h e  m ost  a c t i v e .  In  w a t e r l o g g i n g ,  a l e s s  e f f i c i e n t  and more r e s t r i c t e d  
b a c t e r i a l  m i c r o f l o r a  t h a t  d o e s  n o t  r e q u i r e  o x y g e n  f o r  r e s p i r a t i o n  t a k e s  
o v e r  th e  a c t i v i t i e s  o f  t h e  e f f i c i e n t  f u n g a l  m i c r o f l o r a .  Hence ,  b o th  
m i n e r a l i z a t i o n  and i m m o b i l i z a t i o n  r a t e s  a r e  c o n s i d e r a b l y  r e t a r d e d .  The 
c h a r a c t e r i s t i c  f e a t u r e s  o f  a n a e r o b i c  b a c t e r i a l  d e g r a d a t i o n  o f  o r g a n i c  
m a t t e r  in  w a t e r l o g g e d  s o i l s ,  t h e r e f o r e ,  c o m p r i s e  ( 1 ) I n c o m p l e t e  decom­
p o s i t i o n  o f  c a r b o h y d r a t e  i n t o  m eth a n e ,  o r g a n i c  a c i d s ,  h yd rogen  and carb on  
d i o x i d e  w i t h  c o n s e q u e n t  low e n e r g y  y i e l d  ( A l e x a n d e r ,  1 9 6 1 ) ;  ( 2 )  low e n e r g y  
o f  f e r m e n t a t i o n ,  r e s u l t i n g  i n  th e  s y n t h e s i s  o f  f ew er  m i c r o b i a l  c e l l s  per  
u n i t  o f  o r g a n i c  carb on  d e g r a d e d ;  f o r  e x a m p le ,  o n l y  2 t o  5 p er  c e n t  o f  
th e  s u b s t r a t e  carb on  i s  a s s i m i l a t e d  by a n a e r o b i c  b a c t e r i a  compared to  
ab o u t  30 to  40  p e r  c e n t  a s s i m i l a t i o n  by f u n g i  i n  a e r o b i c  s y s t e m  
( A l e x a n d e r ,  1 9 6 1 ) ;  ( 3 )  low n i t r o g e n  r e q u i r e m e n t  o f  the  a n a e r o b i c  m e ta b o ­
l i s m  l e a d i n g  to  a r e l a t i v e l y  r a p i d  and e a r l y  r e l e a s e  o f  ammonium i o n s  i n  
th e  s o l u t i o n  than  would  o r d i n a r i l y  be e x p e c t e d  b e c a u s e  o f  t h e  w id e  C;N 
r a t i o  o f  d ecom p os in g  p l a n t  m a t e r i a l  and th e  much s l o w e r  r a t e  o f  a n a e r o b i c  
d e c o m p o s i t i o n .  Th is  e x p l a i n s  why ammonium r e l e a s e  i s  h i g h e r  under  
a n a e r o b i c  c o n d i t i o n s  th an  under a e r o b i c  c o n d i t i o n s  d u r in g  th e  d e c o m p o s i ­
t i o n  o f  a p l a n t  m a t e r i a l  w i t h  w id e  C:N r a t i o ,  d e s p i t e  i t s  r a p i d  decompo­
s i t i o n  under th e  l a t t e r  c o n d i t i o n .  P r a c t i c a l  i l l u s t r a t i o n  o f  t h i s  e f f e c t  
was p erh ap s  f i r s t  g i v e n  by Acharya  ( 1 9 3 5 c ) .  I n  a l a b o r a t o r y  s t u d y  on the  
d e c o m p o s i t i o n  o f  r i c e  s t r a w  under  a e r o b i c ,  p a r t i a l l y  a e r o b i c  ( w a t e r ­
l o g g e d )  and s t r i c t l y  a n a e r o b i c  c o n d i t i o n s ,  he d e m o n s t r a t e d  t h a t  t h e  r a t e  
o f  d e c o m p o s i t i o n  o f  s t r a w ,  t h e  n i t r o g e n  f a c t o r ,  (number o f  grams o f
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a d d i t i o n a l  n i t r o g e n  r e q u i r e d  t o  decompose 1 0 0  grams o f  m a t e r i a l )  and th e  
n i t r o g e n  e q u i v a l e n t  (number o f  grams o f  n i t r o g e n  I m m o bi l iz ed  d u r i n g  the  
d e c o m p o s i t i o n  o f  1 0 0  grams o f  m a t e r i a l )  were  h i g h e s t  under a e r o b i c  c o n d i ­
t i o n s  and l o w e s t  under  a n a e r o b i c  c o n d i t i o n s .  C o n v e r s e l y ,  t h e  n e t  r e l e a s e  
o f  i n o r g a n i c  n i t r o g e n  t o  the  s o l u t i o n  p h a se  was h i g h e s t  i n  a n a e r o b i c  and 
l e a s t  In  a e r o b i c  s y s t e m .  Q u a n t i t a t i v e l y ,  th e  n i t r o g e n  r e l e a s e d  t o  the  
a q u eou s  e x t r a c t  by r i c e  s t r a w  d eco m p o s in g  under a n a e r o b i c  c o n d i t i o n  was 
ab ou t  5 to  6  t im e s  h i g h e r  than  t h a t  r e l e a s e d  under  a e r o b i c  c o n d i t i o n s .
The w a t e r l o g g e d  t r e a t m e n t  s t o o d  i n  b e tw een  t h e s e  two e x t r e m e s .  S i r c a r  
e t  a 1 . ( 1 9 4 0 )  p r e s e n t e d  s i m i l a r  e v i d e n c e  and r e p o r t e d  t h a t  i n o r g a n i c  
n i t r o g e n  r e l e a s e  from a d e com p os in g  r i c e  s t r a w  o c c u r r e d  a t  a h i g h e r  C;N 
r a t i o  under a n a e r o b i c  c o n d i t i o n s .  F u r t h e r ,  th e y  n o te d  t h a t  a minimum 
n i t r o g e n  c o n c e n t r a t i o n  o f  1 , 7  t o  1 . 9  per c e n t  was n e c e s s a r y  f o r  the  
a e r o b i c  r e l e a s e  o f  n i t r o g e n  from decom p os in g  r i c e  s t r a w ,  w h ereas  o n l y
0 . 4 5  t o  0 . 5 0  per c e n t  was s u f f i c i e n t  under  a n a e r o b i c  c o n d i t i o n s .
From a f i e l d  s t u d y  i n  C a l i f o r n i a  on t h e  d e c o m p o s i t i o n  o f  r i c e  s t r a w  
under f l o o d e d  c o n d i t i o n ,  W i l l i a m s  and c o - w o r k e r s  ( 1 9 6 8 )  c o n c l u d e d  t h a t  
t h e  n i t r o g e n  r e q u i r e m e n t s  f o r  th e  d e c o m p o s i t i o n  o f  r i c e  s t r a w  i n  f l o o d e d  
s o i l s  was o n e - t h i r d  ( 0 . 5 4  v s  1 , 5  per c e n t )  the  a v e r a g e  c o n c e n t r a t i o n  o f  
n i t r o g e n  r e q u i r e d  f o r  a e r o b i c  d e c o m p o s i t i o n  o f  p l a n t  r e s i d u e s .  From 
l a b o r a t o r y  and f i e l d  e x p e r i m e n t s  Joach im  and Kandiah (1 9 2 9 )  c o n c l u d e d  
t h a t  th e  i n c o r p o r a t i o n  o f  g r e e n  manure i n  p u dd led  s t a t e  l e a d s  to  th e  
f o r m a t i o n  o f  l a r g e  q u a n t i t i e s  o f  NH^+ -N.
M i t s u i  ( 1 9 5 4 )  showed th e  marked i n f l u e n c e  o f  C:N r a t i o  on th e  r a t e  
o f  i n o r g a n i c  n i t r o g e n  r e l e a s e .  The a c c u m u l a t i o n  o f  I n o r g a n i c  n i t r o g e n  
f o l l o w e d  t h e  g e n e r a l  o r d e r  o f  C:N r a t i o  b o th  under f l o o d e d  and non­
f l o o d e d  c o n d i t i o n s .  The s o y b e a n  cake  m ea l  w i t h  n a r r o w e s t  C;N r a t i o  
(5 ,3:1) a c c u m u la te d  t h e  l a r g e s t  amounts  o f  I n o r g a n i c  n i t r o g e n  w h e r e a s  th e
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p eak  v a l u e  f o r  m a t e r i a l s  w i t h  w id e r  C:N r a t i o  was d e l a y e d  p r o g r e s s i v e l y  
a s  C;N r a t i o  I n c r e a s e d .  F u r t h e r , a t  w id e r  C:N r a t i o  ( 1 6 : 1 )  t h e r e  was 
a r e l a t i v e l y  more r a p i d  r e l e a s e  o f  i n o r g a n i c - N  under f l o o d e d  than  under  
n o n - f l o o d e d  c o n d i t i o n s ,  p a r t i c u l a r l y  d u r i n g  th e  f i r s t  t h r e e  months o f  
i n c u b a t i o n .  M i t s u i  a t t r i b u t e d  t h i s  t o  t h e  f a c t  t h a t  a n a e r o b i c  m ic r o b e s  
p r e d o m in a te  under w a t e r l o g g e d  c o n d i t i o n  and t h e s e  m ic r o b e s  consume l e s s  
n i t r o g e n  a s  m l c r o b i c a l  c e l l  c o n s t i t u e n t  th an  th e  a e r o b i c  m i c r o b e s .
De Geus ( 1 9 5 4 )  a t t r i b u t e d  th e  r e s p o n s e  o f  r i c e  t o  added o r g a n i c  
m a t t e r  a s  b e i n g  due t o  t h e  read y  r e l e a s e  o f  ammonium from a n a e r o b i c  decom­
p o s i t i o n .  Bhuyiyan  ( 1 9 4 9 ) ,  and Lopez and G a lv e z  ( 1 9 5 8 )  r e p o r t e d  t h a t  
f l o o d i n g  i n c r e a s e d  th e  q u a n t i t y  o f  ammonium in  s o i l  s o l u t i o n  to  a maximum 
l e v e l  a f t e r  w hich  no a p p r e c i a b l e  change  o c c u r r e d .
P a t r i c k  and Wyatt ( 1 9 6 4 )  found a c o n s i d e r a b l y  h i g h e r  r a t e  o f  i n ­
o r g a n i c  n i t r o g e n  r e l e a s e  in  w a t e r l o g g e d  s o i l s  than  under  w e l l  d r a i n e d  
s o i l s .  In  a number o f  s o i l s  Waring and Bremner ( 1 9 6 4 )  o b s e r v e d  a r a p id  
r a t e  o f  n e t  m i n e r a l i z a t i o n  under w a t e r l o g g e d  th an  under a e r o b i c  c o n d i ­
t i o n s .  Q u a n t i t a t i v e l y ,  t h e y  showed t h a t  i n  two weeks  d u r a t i o n ,  f o r  e v e r y
1 . 0 0  ppm o f  NH^+ -N +  NO^-  -N +  NC^-  -N p rod u ced  a e r o b i c a l l y ,  1 . 2 3  ppm o f  
NH  ̂ -N was produced  d u r i n g  I n c u b a t i o n  under w a t e r l o g g e d  c o n d i t i o n s .
A noth er  f e a t u r e  o f  a n a e r o b i c  m i n e r a l i z a t i o n  i s  i t s  s e n s i t i v i t y  t o  
pH. I t  i s  o b v i o u s ,  b e c a u s e  t h e  m i n e r a l i z a t i o n  i n  w a t e r l o g g e d  s o i l s  I s  
e s s e n t i a l l y  t h e  work o f  a n a e r o b i c  b a c t e r i a l  f l o r a  which  o p e r a t e s  m ost  
e f f i c i e n t l y  around  or ab ove  n e u t r a l  r e a c t i o n .  Th is  may e x p l a i n  why 
l i m i n g  o f  paddy s o i l s  i n  Japan have  so m et im es  b e e n  c l a i m e d  t o  c a u s e  
an a p p r e c i a b l e  i n c r e a s e  i n  a m n o n l f l e a t i o n  ( M i t s u i ,  1 9 5 4 ) .
An a d d i t i o n a l  f e a t u r e  o f  n i t r o g e n  m i n e r a l i z a t i o n  under w a t e r l o g g e d  
s o i l s  has  r e c e n t l y  b een  d i s c o v e r e d  by J a p a n e s e  I n v e s t i g a t i o n  o f  t h e  
mechanism o f  m i n e r a l i z a t i o n  o f  n a t i v e  o r g a n i c  n i t r o g e n  i n  paddy s o i l s .
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S u b j e c t i n g  t h e  w a t e r l o g g e d  s o i l  t o  v a r i o u s  p r e t r e a t m e n t s  produced  a r e ­
m ark ab le  e f f e c t  on th e  m i n e r a l i z a t i o n  o f  n a t i v e  o r g a n i c  n i t r o g e n .  Among 
t h e  v a r i o u s  t r e a t m e n t s  s t u d i e d ,  t h e  f o l l o w i n g  h a v e  b een  r e p o r t e d  a s  the  
main f a c t o r s  i n f l u e n c i n g  m i n e r a l i z a t i o n ;  ( a )  a i r  d r y i n g  t h e  s o i l  be tw een  
t h e  s u c c e s s i v e  r i c e  c r o p s ;  (b )  e l e v a t i n g  t h e  s o i l  t e m p e r a tu r e  i n  a f l o o d e d  
s o i l ;  ( c )  r a i s i n g  th e  s o i l  r e a c t i o n  to  pH 9 : 0  by a d d i t i o n  o f  weak a l k a ­
l i n e  s o l u t i o n  and (d)  a d d in g  a s a l t  w hich  may p e p t l s e  t h e  s o i l  humus 
( M i t s u i ,  1954;  Harada,  1959;  Harada and H a y a s h i ,  1 9 6 8 ) .
4 ,  L o s s e s  o f  N i t r o g e n  i n  W a te r lo g g e d  S o i l s
The phenomenon o f  d e n i t r i f i c a t i o n  under  w a t e r l o g g e d  c o n d i t i o n s  i s  
s o  w e l l  s t u d i e d  t h a t  any r e v i e w  o f  th e  s u b j e c t  can h a r d l y  a v o i d  n e e d l e s s  
r e p e t i t i o n .  T h is  r e v i e w  w i l l ,  t h e r e f o r e ,  d i s c u s s  o n l y  t h o s e  a s p e c t s  o f  
d e n i t r i f i c a t i o n  which  a r e  r e l a t e d  t o  t h e  s p e c i a l  c o n d i t i o n s  p r e v a i l i n g  
In r i c e  s o i l s  under w h ich  ammonium f e r t i l i z e r  a p p l i e d  t o  s u r f a c e  o x i d i z e d  
l a y e r  i s  f i r s t  n i t r i f i e d ,  moves down i n t o  th e  u n d e r l y i n g  r e d u c e d  l a y e r ,  
and i s  th e n  s u b s e q u e n t l y  red u ced  th rou gh  d e n i t r i f i c a t i o n  t o  N2  o r  ^ 0 ,
For b e t t e r  u n d e r s t a n d i n g  o f  t h i s  r e a c t i o n  i t  1b e s s e n t i a l  t o  c o n s i d e r  
t h e  p r o f i l e  d e s c r i p t i o n  o f  a t y p i c a l  paddy s o i l .
The p r o f i l e  d i f f e r e n t i a t i o n  i n  a w a t e r l o g g e d  paddy s o i l  has  g e n ­
e r a l l y  been  c h a r a c t e r i z e d  by two d i s t i n c t  l a y e r s :  ( 1 ) s u r f a c e  o x i d i z e d  
l a y e r ,  g e n e r a l l y  t o  a d e p t h  o f  few m i l l i m e t e r s  t o  a c e n t i m e t e r ,  p r e s e n t  
a t  t h e  s o l l - w a t e r  I n t e r f a c e ,  and ( 2 ) t h e  u n d e r l y i n g  r e d u c e d  l a y e r  
( P e a r s a l l  and M ort im er ,  1939; P e a r s a l l ,  1950;  M i t s u i ,  1954; A l b e r d a ,
1 9 5 3 ) .  The s u r f a c e  l a y e r  c o r r e s p o n d s  t o  an o x i d i z e d  z o n e  where  m i c r o ­
o r g a n i s m s  l i v e  a e r o b i c a l l y .  Be low  t h i s  zone  i s  th e  re d u c e d  l a y e r  c o n s t i ­
t u t i n g  t h e  m ain  p a r t  o f  t h e  fu rrow  s l i c e  where m ic r o o r g a n i s m s  l i v e  
a n a e r o b i c a l l y .  In  th e  r h l z o s p h e r e  o f  r i c e  r o o t s ,  h o w e v er ,  t h e  c o n d i t i o n s  
a r e  a l t e r e d  a g a i n  and t h e  s o i l  p a r t i c l e s  a s s o c i a t e d  w i t h  th e  r i c e  r o o t s
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a r e  d i s t i n c t l y  o x i d i z e d  and,  t h e r e f o r e ,  c o n s t i t u t e  a c o n d i t i o n  s i m i l a r  
t o  th e  s u r f a c e  o x i d i z e d  l a y e r  ( M i t s u i ,  1 9 6 4 ) .
The im p o r ta n c e  o f  t h i s  p r o f i l e  d i f f e r e n t i a t i o n  in  th e  s t u d i e s  o f  
n i t r o g e n  t r a n s f o r m a t i o n  i n  w a t e r l o g g e d  s o i l s  was p erh ap s  f i r s t  r e a l i z e d  
in  Jap an .  S h l o i r i  and M i t s u i  ( 1 9 3 5 )  o b s e r v e d  c o n s i d e r a b l e  l o s s e s  o f  
n i t r o g e n  from a p p l i e d  ammonium s u l f a t e  a s  th e  p e r i o d  o f  i n c u b a t i o n  p r o ­
c e e d e d .  The l o s s e s  w ere  a p p a r e n t l y  t o o  g r e a t  t o  be a c c o u n t e d  f o r  by 
d i r e c t  v o l t i l l z a t l o n  or  by o t h e r  p o s s i b l e  ways o f  n i t r o g e n  l o s s  known 
a t  t h a t  t i m e .  F u r t h e r  e x p e r i m e n t a t i o n  to  d e t e r m i n e  t h e  e f f e c t  o f  s t i r ­
r i n g  on ammonia a c c u m u l a t i o n  under w a t e r l o g g e d  c o n d i t i o n s  l e d  M i t s u i  to  
b e l i e v e  t h a t  e v e n  under w a t e r l o g g e d  c o n d i t i o n s  ammonium-N may be n i t r i ­
f i e d  to  n l t r a t e - N  i f  i t  i s  a p p l i e d  t o  th e  s u r f a c e  o x i d i z e d  l a y e r .  N i t r a t e  
th u s  formed moves down i n t o  the  a n a e r o b i c  zone  w i t h  s o i l  p e r c o l a t e  or  by 
d i f f u s i o n  and i s  s u b s e q u e n t l y  d e n i t r i f i e d  b i o l o g i c a l l y  and p o s s i b l y  
c h e m i c a l l y  t o  g a s e o u s  n i t r o g e n .  T h i s  p r o c e s s  has b een  s u b s e q u e n t l y  c o n ­
f i r m e d  by P e a r s a l l  ( 1 9 5 0 ) ,  S h i o i r i  and Tanada ( 1 9 5 4 ) ,  and M i t s u i  ( 1 9 5 4 ) .
S t u d i e s  c o n d u c te d  i n  v a r i o u s  p a r t s  o f  th e  w orld  i n d i c a t e  t h a t  t h e s e  
l o s s e s  o f  n i t r o g e n  th rou gh  n i t r i f i c a t i o n  and s u b s e q u e n t  d e n i t r i f i c a t i o n  
l a r g e l y  a c c o u n t  f o r  t h e  low r e c o v e r y  o f  ammonical  f e r t i l i z e r s  by r i c e  i n  
w a t e r l o g g e d  s o i l s  (IAEA, 1 9 6 6 ) .  A b ic h a n d a n l  and P a t n a l k  ( 1 9 5 5 )  e s t i ­
mated t h e s e  l o s s e s  t o  be 20 t o  40  per  c e n t  i n  I n d i a  w h i l e  l o s s e s  o f  30 
t o  50 p e r  c e n t  o f  a p p l i e d  n i t r o g e n  w ere  r e p o r t e d  from Japan ( M i t s u i ,
1 9 5 4 ) .
S h l o i r i  and M i t s u i  ( 1 9 3 5 )  o b s e r v e d  c o n s i d e r a b l e  l o s s e s  o f  n i t r o g e n  
i n  t h e i r  m i n e r a l i z a t i o n  s t u d y  o f  o r g a n i c  m a t t e r  under f l o o d e d  c o n d i t i o n s .  
The l o s s e s  w ere  more s e v e r e  i n  c a s e  o f  s o y b e a n  cak e  meal (C:N 5 . 3 : 1 )  
th an  S p i r o g y r a  (C:N 2 0 . 1 : 1 ) .  M i t s u i  and Ota ( 1 9 5 0 )  in  a t r a c e r  s t u d y  
o f  n i t r o g e n  t r a n s f o r m a t i o n  o b s e r v e d  more l o s s e s  o f  a p p l i e d  N H ^ -N  when
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th e  l a t t e r  was a p p l i e d  t o  a i r - d r i e d  s o i l  and t h e n  f l o o d e d  th an  when th e  
a p p l i c a t i o n  was made d i r e c t  t o  u n d r le d  s o i l .  T a k i j lm a  ( 1 9 5 9 )  r e p o r t e d  
t h e  l o s s e s  o f  n i t r o g e n  d u r i n g  i n c u b a t i o n  under  f l o o d e d  c o n d i t i o n s  in  th e  
f o l l o w i n g  o r d e r  o f  m a g n i tu d e :  u r e a - N ,  NO3  -N ,  NH^+ -N. The c a u s e  o f  l o s s  
o f  n i t r o g e n  from urea  was p res u m a b ly  v o l a t i l i z a t i o n  by a l k a l i n e  r e a c t i o n  
o f  th e  s o i l ,  w h i l e  th e  NO  ̂ and NH^+ were  l o s t  m a in ly  through  d e n i t r i f i ­
c a t i o n .
Subbiah  and B a j o j  ( 1 9 6 2 ) ,  w h i l e  d e v e l o p i n g  a s o i l  t e s t  p r o c e d u r e  
f o r  a v a i l a b l e  n i t r o g e n  i n  w a t e r l o g g e d  s o i l s ,  i n d i c a t e d  th e  p o s s i b i l i t y  
o f  n i t r o g e n  l o s s  th r o u g h  n i t r i f i c a t i o n  and s u b s e q u e n t  d e n i t r i f i c a t i o n  
a f t e r  a b o u t  two weeks  o f  i n c u b a t i o n .  G reen lan d  ( 1 9 6 2 )  r e p o r t e d  t h a t  
n i t r i f i c a t i o n  and d e n i t r i f i c a t i o n  c o u l d  p r o c e e d  s i m u l t a n e o u s l y  i n  a w et  
s o i l ,  p o s s i b l y  due to  t h e  p r e s e n c e  o f  a e r o b i c  and a n a e r o b i c  m i c r o z o n e s .  
P a t n a i k  ( 1 9 6 5 )  in  a t r a c e r  s t u d y  o f  n i t r o g e n  t r a n s f o r m a t i o n  i n  w a t e r ­
l o g g e d  s o i l s ,  c o u l d  n o t  a c c o u n t  f o r  2 3 - 2 4  p er  c e n t  o f  th e  a p p l i e d  n i t r o ­
gen  a t  th e  end o f  i n c u b a t i o n ,  He a t t r i b u t e d  t h i s  l o s s  o f  n i t r o g e n  t o  th e  
o x i d a t i o n  o f  NH^+ -N t o  NO^'-N in  t h e  s u r f a c e  l a y e r  o f  s o i l  w i t h  s u b s e ­
q u ent  l e a c h i n g  and d e n i t r i f i c a t i o n  i n  t h e  r e d u c e d  s u b s u r f a c e  z o n e .
T r a c e r  i n v e s t i g a t i o n  (IRRI Annual R e p o r t ,  1965)  on th e  f a t e  o f  ammonium 
s u l f a t e  under  submerged c o n d i t i o n s  showed c o n s i d e r a b l e  l o s s e s  o f  a p p l i e d  
NH^+ -N due t o  d e n i t r i f i c a t i o n  a f t e r  a b o u t  f o u r  weeks  o f  i n c u b a t i o n .
Deep p la c e m e n t  o f  NH^+ -N has  i n v a r i a b l y  b een  shown (to be s u p e r i o r  
to  s u r f a c e  p la c e m e n t  i n  v a r i o u s  p a r t s  o f  t h e  w o r ld  ( A b i c h a n d a n l ,  1953;
S h l o i r i  and T an ad a , 1 9 5 4 ;  M i t s u i ,  1954;  A b ic h a n d a n l  and P a t n a i k ,  1955;
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M l k k e l s e n  and F i n f r o c k ,  1957;  P a t r i c k  and M i e a r s ,  1960;  P a t r i c k  e t  a l . , 
1967; Y a n a g i s a v a  and T a k a h a a h l ,  1964;  IAEA, 1966;  B r o e s h a r t  and 
M l d d e l b o e ,  1968;  De D a t t a  e t  a _ l . » 1 9 6 8 ) .  Low r e c o v e r i e s  o f  n i t r o g e n  
under s u r f a c e  p la c e m e n t  compared t o  d eep  p la c e m e n t  a r e  g e n e r a l l y  b e l i e v e d
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t o  be c a u s e d  p r i m a r i l y  by th e  b i o l o g i c a l  o x i d a t i o n  o f  NH^+ In th e  s u r f a c e  
o x i d i z e d  l a y e r  w i t h  s u b s e q u e n t  l e a c h i n g  and d e n i t r i f i e s t i o n  i n  th e  r e ­
duced s u b s u r f a c e  z o n e ,  a l t h o u g h  o t h e r  f a c t o r s  l i k e  v o l a t i l i z a t i o n  and 
f i x a t i o n  by c l a y  m i n e r a l s  may a l s o  c o n t r i b u t e  under  c e r t a i n  s o i l  c o n d i ­
t i o n s .  High c o n c e n t r a t i o n  o f  ammonia in  c o n j u n c t i o n  w i t h  h i g h  pH, h i g h  
t e m p e r a tu r e  and low c a t i o n  e x c h a n g e  c a p a c i t y  would  be i d e a l  c o n d i t i o n s  
f o r  ammonia v o l a t i l i z a t i o n  ( W i l l i s  and S t u r g i s ,  1944)  w h i l e  t h e  p r e s e n c e  
o f  montmor1 1 I o n i t e  and i l l l t e  l e a d  to  c h e m i c a l  f i x a t i o n  o f  ammonium i n t o  
n o n - e x c h a n g e a b l e  form ( A l l i s o n  and R o l l e r ,  1935;  S t e v e n s o n  and D h a r lw a l ,  
1959;  De D a t ta  e_t a l .  , 1968) .
A l t e r n a t e  w e t t i n g  and d r y i n g  c o n d i t i o n s  c r e a t e  an i d e a l  e n v i r o n ­
ment f o r  d e n i t r i f i c a t i o n .  N i t r a t e  formed d u r i n g  t h e  dry  p e r i o d  i s  
r a p i d l y  l o s t  through  d e n i t r i f i c a t i o n  when t h e  s o i l  i s  r e f l o o d e d .  R u s s e l l  
and R ic h a r d s  ( 1 9 1 7 )  w ere  p erh ap s  t h e  f i r s t  to  r e c o g n i z e  th e  im p o rta n ce  
o f  a l t e r n a t e  a e r o b i c  and a n a e r o b i c  c o n d i t i o n s  on  t h e  l o s s e s  o f  n i t r o g e n  
from farmyard manure.  They o b s e r v e d  t h a t  t h e s e  l o s s e s  o c c u r r e d  o n l y  when 
farmyard manure was under f l u c t u a t i n g  a e r o b i c  and a n a e r o b i c  c o n d i t i o n s ;  
no l o s s  o c c u r r e d  when t h e  m a t e r i a l  was m a i n t a i n e d  e i t h e r  under c o n s t a n t  
a e r o b i c  o r  under c o n s t a n t  a n a e r o b i c  c o n d i t i o n s .  They p o s t u l a t e d  t h a t  
NO3  formed d u r i n g  a e r o b i c  c o n d i t i o n s  was s u b s e q u e n t l y  d e n i t r i f i e d  a t  
t h e  o n s e t  o f  a n a e r o b i c  c o n d i t i o n s .
W l j l e r  and D e l w l c h e  ( 1 9 5 4 )  i n d i c a t e d  t h e  p o s s i b i l i t y  o f  more t o t a l  
n i t r o g e n  l o s s  under f l u c t u a t i n g  a e r o b i c  and a n a e r o b i c  c o n d i t i o n s  th an  
under s t r i c t  a n a e r o b l a s l s .  G reen lan d  ( 1 9 6 2 )  p o i n t e d  o u t  t h a t  n i t r i f i c a -  
t i o n  and d e n l t r i f i c a t l o n  c o u l d  p r o c e e d  s i m u l t a n e o u s l y  p o s s i b l y  due t o  
m l c r o m o s a l c  o f  a e r o b i c  and a n a e r o b i c  s p o t s  i n  a w e t  s o i l .  R u s s e l l  ( 1 9 6 1 )  
a s s i g n e d  the  n i t r o g e n  l o s a  t o  th e  l a r g e  f l u c t u a t i o n s  i n  t h e  oxygen  
s t a t u s  o f  some s o i l s  i n  w h ich  NO3  i s  formed d u r i n g  th e  a e r o b i c  p e r i o d
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and red u ced  d u r i n g  t h e  a n a e r o b i c  p e r i o d .
P a t r i c k  and Wyatt ( 1 9 6 4 )  o b s e r v e d  l a r g e  l o s s e s  o f  n i t r o g e n  up to  
a b out  20 per c e n t  o f  t o t a l  N o r  4 0 0  pounds per  a c r e ,  a s  a r e s u l t  o f  
s e v e r a l  d r y i n g  and subm ergence  c y c l e s .  They n o t e d  t h a t  a major p o r t i o n  
o f  t h i s  l o s s  o c c u r r e d  d u r i n g  th e  f i r s t  two or t h r e e  c y c l e s .  F re q u en cy  
o f  subm ergence  and d r y i n g  a f f e c t e d  t h e  t o t a l  n i t r o g e n  l o s s  and th e  r a t e  
o f  N0 ^~ r e d u c t i o n  i n  s u b s e q u e n t  c y c l e s .  The d i s a p p e a r a n c e  o f  n i t r o g e n  
was v e r y  r a p id  d u r i n g  th e  f i r s t  subm ergence  p e r i o d  bu t  d e c r e a s e d  s u b ­
s e q u e n t l y  a s  th e  number o f  c y c l e s  p r o g r e s s e d .  F u r t h e r ,  t h e y  o b s e r v e d  
t h a t  t h e  a d d i t i o n  o f  ground r i c e  s t r a w  to  th e  s o i l  i n c r e a s e d  th e  r a t e  
o f  n i t r a t e  r e d u c t i o n  ev en  though  th e  s o i l  had a l r e a d y  b een  through  
s e v e r a l  subm ergence  and d r y i n g  c y c l e s .
MATERIALS AND METHODS
A. S o i l s
The s o i l  used  f o r  t h i s  s t u d y  was Crowley  s i l t  loam, c o l l e c t e d  a t  
two d i f f e r e n t  t im es  from the  R i c e  E xper im en t  S t a t i o n ,  C r o w le y ,  L o u i s i a n a .
The Crowley  s i l t  loam No. 1 u sed  in  the  f i r s t  e x p e r i m e n t  was 
sampled in  e a r l y  S p r i n g ,  1967 ,  a i r  d r i e d  and s i e v e d  th rou gh  a 40  mesh  
s i e v e .  The s o i l  had a carb on  c o n t e n t  o f  1 . 0 2  per  c e n t  and a t o t a l  n i t r o ­
gen  c o n t e n t  o f  770 ppm, w i t h  6 . 0  ppm i n  th e  NH^+ +  NO  ̂ form. The C:N 
r a t i o  was 1 3 : 1 .  The s o i l  had a pH o f  5 . 8  i n  1:1 s o i l - w a t e r  s u s p e n s i o n .
The Crowley  s i l t  loam No, 2 used  in  th e  t r a c e r  e x p e r i m e n t s  was 
c o l l e c t e d  i n  F e b r u a r y ,  1 9 6 8 .  The s o i l  had a pH o f  5 . 7  ( 1 : 1  s o i l - w a t e r  
s u s p e n s i o n ) ,  1 . 1 0  per  c e n t  ca rb o n  and 840 ppm t o t a l  n i t r o g e n ,  o f  w hich
1 5 . 0  ppm was i n  th e  NH^+ +  NO3  form. The C:N r a t i o  was 1 3 : 1 .
B. P l a n t  M a t e r i a l
1,  R ic e  Straw: The r i c e  s t r a w  used  in  t h i s  s t u d y  was f i n e l y  
ground from r i c e  s t r a w  h a y .  The m a t e r i a l  had 4 8  per  c e n t  carb on  and
0 . 5 2  per  c e n t  n i t r o g e n  and th e  r e s u l t i n g  C:N r a t i o  was 9 2 : 1 ,
2 .  C lo v e r ;  White c l o v e r  hay was ground to  a f i n e  form and u sed  
in  t h i s  s t u d y  a l o n e  o r  i n  c o m b i n a t i o n  w i t h  r i c e  s t r a w  t o  g i v e  v a r i o u s  
C:N r a t i o s .  The m a t e r i a l  c o n t a i n e d  45 p er  c e n t  carb on  and 3 . 0 7  p er  c e n t  
n i t r o g e n ,  g i v i n g  a C:N r a t i o  o f  1 5 : 1 ,
C. N i t r o g e n  S o u r c e
In a l l  e x p e r i m e n t s  d e a l i n g  w i t h  t r a c e r  s t u d y ,  ^ N - t a g g e d  n i t r o g e n
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15was i n t r o d u c e d  i n t o  th e  s o i l  s y s t e m  i n  th e  form o f  ( NH^)2 SO^. The 
m a t e r i a l  c o n t a i n e d  1 0 . 2 2 7 6  a to m -p er  c e n t  15N e x c e s s .
\
D. D e s c r i p t i o n  o f  E x p e r im e n ts
1 .  M i n e r a l i z a t i o n  o f  Organic  N i t r o g e n  in  S o i l  from P l a n t  M a t e r i a l
o f  V a r io u s  C:N R a t i o s  Decomposing  under  W ater logged  and Optimum
M o i s t u r e  C o n d i t i o n s
T h i s  e x p e r i m e n t  was d e s i g n e d  (1 )  t o  s t u d y  th e  e f f e c t  o f  w a t e r l o g g i n g  
on the  m i n e r a l i z a t i o n  o f  o r g a n i c  s o i l  n i t r o g e n  when i n c u b a t e d  a l o n e  or  
mixed  w i t h  ground s t r a w  w hich  had been  a d j u s t e d  t o  s e v e r a l  C:N r a t i o s ,  
and ( 2 )  t o  d e t e r m i n e  th e  e f f e c t  o f  v a r i o u s  C:N r a t i o s  on n i t r o g e n  m i n e r a l ­
i z a t i o n  under w a t e r l o g g e d  and optimum m o i s t u r e  c o n d i t i o n s .  Crowley  s i l t  
loam No, 1 was u sed  i n  t h i s  e x p e r i m e n t .  A c o m b in a t io n  m i x t u r e  o f  ground  
r i c e  s t r a w  and ground c l o v e r  was u s e d  to  g i v e  d e s i r e d  C:N r a t i o  v a l u e s  
o f  t h e  added o r g a n i c  m a t e r i a l .  The two m a t e r i a l s  were  t h o r o u g h l y  mixed  
i n  s u c h  a p r o p o r t i o n  a s  to  o b t a i n  t h e  f o l l o w i n g  C:N r a t i o s :  9 2 :1  (1007,
r i c e  s t r a w ) ;  3 5 :1  (667. r i c e  s t r a w  +  347. c l o v e r  s t r a w ) ;  2 1 : 1  (347. r i c e  
s t r a w  +  6 6 % c l o v e r  s t r a w ) ;  15 :1  (1007. c l o v e r  s t r a w ) .
I n c u b a t i o n  P ro c ed u r e :
One gram o f  ground mixed  s t r a w  r e p r e s e n t i n g  e a c h  o f  t h e  fo u r  C:N 
r a t i o s  was t h o r o u g h l y  mixed w i t h  100 gram s o i l  s a m p l e s .  The amended 
s o i l  was th e n  t r a n s f e r r e d  t o  1 2 - o u n c e ,  p r e v i o u s l y  t a r e d  m e d i c i n e  
b o t t l e s .  An a d d i t i o n a l  t r e a t m e n t  o f  unamended s o i l  was i n c l u d e d  to  s e r v e  
a s  a c h e c k .  A n i t r i f i c a t i o n  i n h i b i t o r ,  2 - C h l o r o - 6 - ( t r i c h l o r o m e t h y l )  
p y r i d i n e  ( N - S e r v e ) , was u sed  a t  t h e  r a t e  o f  20 ppm i n  a l l  th e  t r e a t m e n t s  
t o  p r e v e n t  n i t r i f i c a t i o n  o f  ammonium and t o  f a c i l i t a t e  t h e  d e t e r m i n a t i o n  
o f  i n o r g a n i c  n i t r o g e n  a s  ammonium - N. Each t r e a t m e n t  was e i t h e r  a d ­
j u s t e d  t o  optimum m o i s t u r e  (25  p er  c e n t  m o i s t u r e )  or  w a t e r l o g g e d  ( 1 : 1
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s o i l : w a t e r  r a t i o ) .  The s a m p les  were  i n c u b a t e d  i n  c o n t r o l l e d  t e m p e r a tu r e  
chambers i n t o  w hich  s a t u r a t e d  a i r  was blown t o  p r e v e n t  d r y i n g  o f  the  
s a m p l e s .  To i n s u r e  a g a i n s t  m o i s t u r e  l o s s ,  t h e  s a m p le s  were  f r e q u e n t l y  
w e ig h e d  and a d j u s t e d  t o  t h e  a p p r o p r i a t e  m o i s t u r e  c o n t e n t .  At t im e  i n t e r  
v a l s  o f  7 ,  14,  2 2 ,  30 ,  4 5 ,  6 0 ,  7 5 ,  105 ,  and 135 days  a f t e r  i n c u b a t i o n ,  
d u p l i c a t e  sa m p les  o f  ea ch  t r e a t m e n t  were removed f o r  th e  d e t e r m i n a t i o n  
o f  i n o r g a n i c  n i t r o g e n .
2 ,  T ra ce r  S t u d i e s  on N i t r o g e n  T r a n s f o r m a t i o n s  i n  S o i l  With S p e c i a l  
R e f e r e n c e  to  I m m o b i l i z a t i o n .  M i n e r a l i z a t i o n  and D e n i t r i f i c a t i o n  
Rela  t l o n s h i p s
T h i s  e x p e r i m e n t  was d e s i g n e d  to  examine i n  some d e t a i l  th e  t r a n s ­
f o r m a t i o n s  o f  n a t i v e  and a p p l i e d  n i t r o g e n  under w a t e r l o g g e d  and optimum 
m o i s t u r e  c o n d i t i o n s .  The o b j e c t i v e s  were  t o  d e t e r m i n e  ( 1 )  th e  n e t  and 
a b s o l u t e  r a t e s  o f  n i t r o g e n  i m m o b i l i z a t i o n  and m i n e r a l i z a t i o n  a t  v a r i o u s  
l e v e l s  o f  added carbon  under th e  two m o i s t u r e  c o n d i t i o n s ,  ( 2 ) r e m l n e r a l -  
i z a t l o n  o f  i m m o b i l i z e d  l a b e l l e d  n i t r o g e n ,  and (3 )  t h e  e x t e n t  o f  n i t r o ­
gen  l o s s  under w a t e r l o g g e d  c o n d i t i o n s  through  a p o s s i b l e  mechanism o f  
n i t r i f i c a t i o n  and s u b s e q u e n t  d e n i t r i f i c a t i o n  o f  ammonium. Crow ley  s i l t  
loam No. 2 was u s e d ,  i n  t h i s  i n v e s t i g a t i o n ,  w i t h  th e  f o l l o w i n g  t r e a t ­
ments  :
( a )  U n t r e a t e d  s o i l  ( c o n t r o l )
( b )  A d d i t i o n  o f  100 ppm l a b e l l e d  NH^+ -N
( c )  A d d i t i o n  o f  100 ppm l a b e l l e d  NH^+ -N + 1000 ppm carb on
(d)  A d d i t i o n  o f  100 ppm l a b e l l e d  NH4 + -N + 2500 ppm carb on
( e )  A d d i t i o n  o f  100 ppm l a b e l l e d  NH + -N + 4000  ppm carb on
4
I n c u b a t i o n  P ro c ed u r e :
T h i r t y - s i x  s a m ples  r e p r e s e n t i n g  ea ch  t r e a t m e n t  were  p r e p a r e d  by  
t h o r o u g h l y  m ix i n g  100 grams o f  a i r - d r y  s o i l  ea ch  w i t h  0 ,  1 0 0 0 ,  2 5 0 0 ,  and
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4 0 0 0  ppm o f  carb on  i n  t h e  form o f  ground r i c e  s t r a w .  The s a m p l e s  were  
t h e n  t r a n s f e r r e d  t o  1 2 - o u n c e  b o t t l e s .  L a b e l l e d  (NH^)9 S0^ s o l u t i o n  
e q u i v a l e n t  t o  1 0 0  ppm n i t r o g e n ,  s o i l  b a s i s ,  was ad d ed  i n  s u f f i c i e n t  w a t e r  
(2 3  m l )  t o  b r i n g  e a c h  s a m p le  t o  optimum m o i s t u r e  (25  p e r  c e n t  m o i s t u r e ) .  
T h i s  method o f  a p p l y i n g  n i t r o g e n  c o r r e s p o n d s  t o  s u r f a c e  a p p l i c a t i o n  o f  
ammonium s u l f a t e  u n der  f i e l d  c o n d i t i o n s .  A c o n t r o l  r e c e i v i n g  no s t r a w  
and no n i t r o g e n  was a l s o  i n c l u d e d .  H a l f  o f  t h e  s a m p le s  w ere  w a t e r l o g g e d  
by a d d i n g  a d d i t i o n a l  w a t e r  ( 1 : 1  s o i l - w a t e r  r a t i o )  w h i l e  t h e  r e m a i n i n g  
h a l f  w e r e  m a i n t a i n e d  a t  optimum m o i s t u r e  (2 5  p er  c e n t  m o i s t u r e ) .  S am p les  
th u s  p r e p a r e d  were  i n c u b a t e d  a t  30°C w i t h  w a t e r - s a t u r a t e d  a i r  i n  t h e  
chamber t o  p r e v e n t  d r y i n g .  To e n s u r e  t h a t  t h e  m o i s t u r e  c o n t e n t  was  
m a i n t a i n e d  d u r i n g  i n c u b a t i o n  t h e  s a m p l e s  were  f r e q u e n t l y  w e i g h e d  and  
a d j u s t e d  t o  t h e  a p p r o p r i a t e  m o i s t u r e  c o n t e n t .  At  t im e  i n t e r v a l s  o f  2 ,  4 ,  
8 , 15 ,  3 0 ,  4 5 ,  6 0 ,  9 0 ,  and 120 d a y s ,  d u p l i c a t e  s a m p l e s  o f  e a c h  t r e a t -  
ment w e r e  removed f o r  d e t e r m i n a t i o n  o f  (NH^ +  NO  ̂ ) - N ,  o r g a n i c  N, and 
f o r  i s o t o p e - r a t i o  a n a l y s i s .
3 .  T r a c e r  S t u d i e s  o n  N i t r o g e n  T r a n s f o r m a t i o n s  under C o m p l e t e l y - A n a e r o b i c  
S o i l  C o n d i t i o n s
T h i s  s t u d y  was d e s i g n e d  t o  d e t e r m i n e  ( 1 )  t h e  e f f e c t  o f  a c o m p l e t e l y  
a n a e r o b i c  c o n d i t i o n  on  t h e  f a t e  o f  a p p l i e d  ammonium i n  t h e  s o i l  and ( 2 ) 
th e  e f f e c t  o f  w a t e r l o g g i n g  p e r  s e  on  n i t r o g e n  t r a n s f o r m a t i o n s  i n  s o i l .
T h i s  e x p e r i m e n t  was c a r r i e d  o u t  a s  an e x t e n s i o n  o f  e x p e r i m e n t  
No. 2 .  S am p les  c o r r e s p o n d i n g  t o  t r e a t m e n t  "d" ( a d d i t i o n  o f  100 ppm 
l a b e l l e d  NH^+ -N +  2 5 0 0  ppm c a r b o n )  w ere  p r e p a r e d  and i n c u b a t e d  a t  30°C 
under t h e  f o l l o w i n g  c o n d i t i o n s .
( a )  W a t e r l o g g e d  a n a e r o b i c  ( a i r  r e p l a c e d  w i t h  a r g o n )
( b )  Optimum m o i s t u r e  a n a e r o b i c  ( a i r  r e p l a c e d  w i t h  a r g o n )
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I n c u b a t i o n  P r o c e d u r e :
One-hundred gram s o i l  sa m p les  were  t h o r o u g h l y  m ixed  w i t h  ground  
r i c e  s t r a w  e q u i v a l e n t  to  2500 ppm c a r b o n ,  s o i l  b a s i s ,  and t r a n s f e r r e d  to  
1 2 - o u n c e  b o t t l e s .  L a b e l l e d  (NH^^SO^ e q u i v a l e n t  t o  100 ppm N, s o i l  b a s i s ,  
was added i n  s u f f i c i e n t  w a t e r  t o  b r i n g  e a c h  sample t o  optimum m o i s t u r e .
The sa m p les  were  then  g i v e n  th e  a p p r o p r i a t e  m o i s t u r e  and a e r a t i o n  t r e a t ­
ment .  A n a e r o b ic  c o n d i t i o n s  were  in d u ced  by r e p l a c i n g  a i r  w i t h  a r g o n  by 
a l t e r n a t e l y  a p p l y i n g  a vacuum and o x y g e n - f r e e  a r g o n  t o  s a m p l e s .  The gas  
ren ew al  p r o c e d u r e  was r e p e a t e d  w e e k l y  f o r  s e v e r a l  weeks  a f t e r  I n c u b a t i o n .  
At t im e i n t e r v a l s  o f  2 ,  4 ,  8 , 15 ,  3 0 ,  4 5 ,  6 0 ,  9 0 ,  and 120 d ays  a f t e r  
I n c u b a t i o n ,  d u p l i c a t e  sa m p les  were  ta k e n  f o r  th e  d e t e r m i n a t i o n  o f  (NH^ + 
N0^)-N,  o r g a n i c  N and fo r  i s o t o p e  r a t i o  a n a l y s i s .
4 ,  D i s t r i b u t i o n  o f  A p p l i e d  N i t r o g e n  i n t o  D i f f e r e n t  C hemica l  F r a c t i o n s  
o f  S o i l  N i t r o g e n
T h is  f r a c t i o n a t i o n  s t u d y  o f  t o t a l  s o i l  n i t r o g e n  was made In o r d e r  
to  d e t e r m i n e  th e  d i s t r i b u t i o n  o f  a p p l i e d  ammonium n i t r o g e n  i n t o  th e  
v a r i o u s  i n o r g a n i c  and o r g a n i c  f r a c t i o n s  o f  s o i l  n i t r o g e n  and t o  measure  
th e  c h a n g e s  w i t h i n  ' h e  v a r i o u s  f r a c t i o n s  o f  the  n a t i v e  s o i l  n i t r o g e n  p o o l  
under v a r i o u s  c o n d i t i o n s  o f  m o i s t u r e  and a e r a t i o n .  T h i s  s t u d y  was made 
on s e l e c t e d  t r e a t m e n t s ,  o f  e x p e r i m e n t s  Nos .  2 and 3 ,  when sampled a t  the  
end o f  a 4 -month  i n c u b a t i o n  p e r i o d .  U n t r e a t e d  s o i l  was i n c l u d e d  to  
s e r v e  a s  a r e f e r e n c e  o f  t h e  i n i t i a l  d i s t r i b u t i o n  o f  s o i l  n i t r o g e n .  The 
t v e a t m e n t s  were:
( a )  A d d i t i o n  o f  100 ppm NH^+ -N ( w a t e r l o g g e d )
+
(b )  A d d i t i o n  o f  100 ppm NH  ̂ -N (optimum m o i s t u r e )
( c )  A d d i t i o n  o f  100 ppm NH^+-N +  2500  ppm carb on  ( w a t e r l o g g e d )
(d )  A d d i t i o n  o f  100 ppm NH^+-N +  2500 carb on  (optimum m o i s t u r e )
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( e )  A d d i t i o n  o f  100 ppm NH^+ -N +  2500 ppm carb on  ( w a t e r l o g g e d  
a n a e r o b i c )
The f r a c t i o n a t i o n  and d e t e r m i n a t i o n  o f  n i t r o g e n  was c a r r i e d  o u t  
a c c o r d i n g  t o  th e  methods  d e s c r i b e d  by Cheng and Kurtz  ( 1 9 6 3 ) .
5 .  N i t r o g e n  L oss  a s  a R e s u l t  o f  A l t e r n a t e  Submergence and D ry in g  C o n d i t i o n s
T h i s  e x p e r i m e n t  was d e s i g n e d  t o  measure  th e  r e l a t i v e  l o s s e s  o f  
a p p l i e d  and n a t i v e  n i t r o g e n  a s  a r e s u l t  o f  m o i s t u r e  f l u c t u a t i o n s  c a u s e d  
by a l t e r n a t e l y  s u b m e r g in g ,  and d r y i n g  th e  s o i l  t o  optimum m o i s t u r e  f o r  
a p e r i o d  o f  4 m o n th s .  The e f f e c t  o f  f r e q u e n c y  o f  c y c l i n g  on n i t r o g e n  
l o s s  was e v a l u a t e d  by v a r y i n g  t h e  d u r a t i o n  o f  t h e  c o m p l e t e  submergence  
and d r y i n g  c y c l e  but k e e p in g  th e  t o t a l  i n c u b a t i o n  p e r i o d  c o n s t a n t .  To 
s t u d y  t h e s e  e f f e c t s ,  th e  f o l l o w i n g  subm ergence  and d r y i n g  t r e a t m e n t s  
were used:
(a )  A l t e r n a t e  submergence  and d r y i n g  - 3 0 -d a y  c y c l e  (4 c y c l e s )
(b )  A l t e r n a t e  subm ergence  and d r y i n g  - 4 0 - d a y  c y c l e  (3  c y c l e s )  
A l t e r n a t e  submergence  and d r y i n g  - 3 0 - d a y  c y c l e  i n d i c a t e s  t h a t  the  
sa m p les  w ere  k e p t  w a t e r l o g g e d  d u r i n g  the  f i r s t  15 d ays  and were  m a in ­
t a i n e d  a t  optimum m o i s t u r e  f o r  the  r e m a i n i n g  15 d a y s .  F i f t e e n - d a y  
p e r i o d  c o n s t i t u t e d  a h a l f  c y c l e .  S i m i l a r l y ,  i n  th e  a l t e r n a t e  submerg­
e n c e  and d r y l n g - 4 0 - d a y  c y c l e ,  2 0 -d a y  p e r i o d  c o n s t i t u t e d  th e  h a l f  c y c l e .  
Samples  i n  c a s e  o f  b o th  t r e a t m e n t s  were  i n c u b a t e d  f o r  a t o t a l  p e r i o d  o f  
1 2 0  d a y s .
I n c u b a t i o n  P r o c e d u r e :
Samples  r e p r e s e n t i n g  t r e a t m e n t  ”d" ( A d d i t i o n  o f  100 ppm + NH^-N +
2500 ppm c a rb o n )  i n  e x p e r i m e n t  No. 2 were  p r e p a r e d  i n  a c c o r d a n c e  w i t h  
th e  method o u t l i n e d  a b o v e .  A p p r o p r i a t e  t r e a t m e n t s  w i t h  r e s p e c t  to  
a l t e r n a t e  subm ergence  and d r y i n g  were  g i v e n  and th e  s a m p les  w ere  i n c u ­
b a t e d  a t  30°C i n  w a t e r  s a t u r a t e d  a i r  t o  p r e v e n t  s a m p le s  from d r y i n g .
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At t h e  end  o f  e a c h  s u b m er g en ce  h a l f  c y c l e ,  s a m p l e s  w e r e  d r i e d  by b l o w i n g  
d r y  a i r  o v e r  t h e  s a m p l e s  a t  30°C f o r  12 t o  16 h o u r s .  The d r i e d  s a m p l e s  
w ere  t h e n  a d j u s t e d  t o  optimum m o i s t u r e  (2 5  p e r  c e n t  m o i s t u r e )  and r e i n ­
c u b a t e d .  At  t h e  end  o f  e a c h  h a l f  c y c l e  d u p l i c a t e  s a m p l e s  w e r e  t a k e n  
f o r  t h e  d e t e r m i n a t i o n  (NH^+  +  NOj ) - N ,  t o t a l  N and l a b e l l e d  N-.
E . A n a l y t i c a l  P r o c e d u r e s
1.  D e t e r m i n a t i o n  o f  I n o r g a n i c  N i t r o g e n
a . E x t r a c t i o n
I n o r g a n i c  n i t r o g e n  (NH^+ + NOj -N) was e x t r a c t e d  from t h e  s o i l  by 
s h a k i n g  1 0 0 -gram s a m p l e s  o f  e i t h e r  w a t e r l o g g e d  o r  optimum m o i s t u r e  s o i l  
w i t h  200 ml o f  10 p e r  c e n t  NaCl s o l u t i o n  a d j u s t e d  t o  pH 2 . 5 .  The 
s a m p l e s  w e r e  s h a k e n  f o r  one  hour  and were  t h e n  f i l t e r e d ,  u s i n g  a Buchner  
f u n n e l .  D i s t i l l e d  w a t e r  was added  to  t h e  s a m p l e s  a t  optimum m o i s t u r e  
i m m e d i a t e l y  p r i o r  t o  s h a k i n g  i n  o r d e r  t o  g i v e  a m o i s t u r e  c o n t e n t  e q u a l  
t o  t h a t  o f  w a t e r l o g g e d  s a m p l e s .
b .  D e t e r m i n a t i o n  o f  Ammonium-N
The ammonlum-N i n  t h e  e x t r a c t  was d e t e r m i n e d  by a l k a l i n e  a e r a t i o n  
o f  th e  e x t r a c t .  An a l i q u o t  o f  150 ml o f  t h e  e x t r a c t  was t r a n s f e r r e d  t o  
a 250 ml g a s  w a s h i n g  b o t t l e ,  and t h e n  a b o u t  100 ml o f  s a t u r a t e d  ^ C O j  
s o l u t i o n  w ere  added  t o  t h e  e x t r a c t .  The g a s  w a s h i n g  b o t t l e  was immedi­
a t e l y  c o n n e c t e d  t o  a n o t h e r  g a s  w a s h i n g  b o t t l e  c o n t a i n i n g  1 0 0  ml o f  2  
p e r  c e n t  b o r i c  a c i d  s o l u t i o n .  The w a s h i n g  b o t t l e  w i t h  t h e  e x t r a c t  + K2 CO3  
s o l u t i o n  was t h e n  c o n n e c t e d  t o  a s u p p l y  o f  ammonia f r e e  a i r  w h i c h  was  
b u b b l e d  th r o u g h  t h e  s o l u t i o n  f o r  a b o u t  1 2  t o  16 h o u r s  t o  s w e ep  t h e  
ammonia i n t o  t h e  b o r i c  a c i d  s o l u t i o n .  The ammonia was t i t r a t e d  w i t h  
s t a n d a r d  0 . 0 1  N HCl.  Twenty o f  t h e s e  a e r a t i o n  a p p a r a t u s e s  w ere  s e t  up 
a t  a t i m e .
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c . D e t e r m i n a t i o n  o f  (Ammonium +  N i t r a t e  +  N i t r i t e ) - N
The t o t a l  i n o r g a n i c  n i t r o g e n  (NH^+ +  NO  ̂ +  NC  ̂ ) i n  t h e  e x t r a c t  
was d e t e r m i n e d  by d i s t i l l a t i o n  w i t h  MgO and D evarda  a l l o y  added invnedl-  
a t e l y  b e f o r e  d i s t i l l a t i o n  (B rem n er ,  1 9 6 5 ) .  The d i s t i l l a t e  was c o l l e c t e d  
i n  s t a n d a r d  0 . 1  N t^SO^ and t i t r a t e d  w i t h  s t a n d a r d  0 . 1  N NaOH u s i n g  
m e t h y l  red  i n d i c a t o r .  The t i t r a t e d  s o l u t i o n  was f u r t h e r  p r e p a r e d  fo r  
15N a n a l y s i s .
2 .  D e t e r m i n a t i o n  o f  O r g a n ic  N i t r o g e n
A f t e r  t h e  e x t r a c t i o n  o f  I n o r g a n i c  n i t r o g e n  t h e  s o i l  was o v en  d r i e d  
and a n a l y s e d  f o r  o r g a n i c  n i t r o g e n  by a m o d i f i e d  K j e l d a h l  p r o c e d u r e .  A 
s o i l  s a m p le  e q u i v a l e n t  t o  5 . 0 0  gm, o v e n  d r y  b a s i s ,  was p l a c e d  i n  an  
800  ml K j e l d a h l  d i g e s t i o n  f l a s k .  About  10 ml o f  d i s t i l l e d  w a t e r  w ere  
added t o  t h e  s o i l  and a l l o w e d  t o  s t a n d  f o r  20 m i n u t e s .  The f l a s k  was  
t h e n  s w i r l e d  w i t h  c a r e  and 6  grams o f  d i g e s t i o n  m i x t u r e  ( 1 0  p a r t s  KjSO^,
1 p a r t  FeSO^, % p a r t  CuSO^) w e r e  a d d e d .  Then 15 ml o f  c o n c e n t r a t e d  
H^SO^ w e r e  added  and t h e  c o n t e n t s  w e r e  m ix ed  by s w i r l i n g  t h e  f l a s k .  The 
d i g e s t i o n  was t h e n  commenced and c o n t i n u e d  f o r  two h o u r s  a f t e r  t h e  s o l u ­
t i o n  had c l e a r e d .  The d i g e s t e d  m a t e r i a l  was a l l o w e d  t o  c o o l ,  d i l u t e d  
t o  200 ml w i t h  d i s t i l l e d  w a t e r  and d i s t i l l e d  a f t e r  a d d i n g  50 ml o f  50 p e r  
c e n t  NaOH. The ammonia r e l e a s e d  b y  d i s t i l l a t i o n  was c o l l e c t e d  i n  s t a n d ­
a rd  0 . 1  N and d e t e r m i n e d  by t i t r a t i o n  w i t h  s t a n d a r d  0 . 1  N NaOH.
15The t i t r a t e d  s o l u t i o n  was f u r t h e r  p r e p a r e d  f o r  N a n a l y s i s .
3 .  F r a c t i o n a t i o n  and D e t e r m i n a t i o n  o f  S o i l  O r g a n i c  N i t r o g e n
The p r o c e d u r e  f o r  f r a c t i o n a t i n g  s o i l  o r g a n i c  n i t r o g e n  i n t o  i t s  
v a r i o u s  com p o n en ts  was  t h a t  o f  Cheng and K u rtz  ( 1 9 6 3 ) .  O r g a n ic  n i t r o ­
g e n  was f i r s t  d i v i d e d  i n t o  2  c a t e g o r i e s :  h y d r o l y z e a b l e - n i t r o g e n  and  
n o n - H y d r o l y z e a b l e - n i t r o g e n .  The fo rm er  i n c l u d e d  h y d r o l i z e d - N H ^ + , amino  
s u g a r - N ,  amino a c i d - N  and a c i d - s o l u b l e  humin-N w h i l e  t h e  l a t t e r  c o n s i s t e d
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o f  f i x e d  NH  ̂ end i n s o l u b l e  humin-N.
a . P r e p a r a t i o n  o f  H y d r o l y z a t e
F i f t y - g r a m  s a m p les  o f  s o i l  p r e v i o u s l y  e x t r a c t e d  f o r  e x c h a n g e a b l e  
(NH^+ + NO3  ) - N  were  washed w i t h  a d d i t i o n a l  200 ml o f  th e  e x t r a c t i n g  
s o l u t i o n .  The r e s i d u e  was th en  h y d r o l y z e d  w i t h  6  N HC1 under r e f l u x  fo r  
16 hours  a t  a s o i l / s o l u t i o n  r a t i o  o f  1 : 4  a t  a t e m p e r a tu r e  o f  100°C.  
B o i l i n g  c h i p s  and o c t y l  a l c o h o l  were  added to  p r e v e n t  bumping and f r o t h ­
i n g  d u r i n g  h y d r o l y s i s .  A f t e r  f i l t e r i n g ,  th e  a c i d  h y d r o l y z a t e  and th e  
r e s i d u e  were  s a v e d  f o r  f u r t h e r  f r a c t i o n a t i o n  and d e t e r m i n a t i o n  o f  hy-  
d r o l y z e a b l e  and n o n - h y d r o l y z e a b l e  f r a c t i o n s .
b. F r a c t i o n a t i o n  and D e t e r m i n a t i o n  o f  N i t r o g e n  Components in  th e  
H y d r o l y z e a b l e  F r a c t i o n
The e x c e s s  a c i d  in  th e  h y d r o l y z a t e  was removed by r e p e a t e d  e v a p o ­
r a t i o n s  under c o n t i n u o u s  a e r a t i o n  a t  40°C by NH^-free  d r y  a i r .  An 
a l i q u o t  o f  the  h y d r o l y z a t e  was ta k e n  f o r  f r a c t i o n a t i n g  th e  v a r i o u s  
h y d r o l y t i c  p r o d u c t s .  The n i t r o g e n  i n  th e  h y d r o l y z a t e  was d i v i d e d  i n t o  
two c a t e g o r i e s :  t h e  a l k a l i - l a b i l e  N and th e  a l k a l i - s t a b l e  N. The
a l k a l i - l a b i l e  N d e s i g n a t e s  t h o s e  f r a c t i o n s  i n  th e  h y d r o l y z a t e  which  r e ­
l e a s e .  NH-j under a l k a l i n e  c o n d i t i o n s  such  a s  t h e  hydrolyzed-NH^+ and th e  
amino^sugar N. The a l k a l i - s t a b l e  N i n  t h e  h y d r o l y z a t e  i s  t h a t  w hich  i s  
s t a b l e  under a l k a l i n e  c o n d i t i o n s ,  su ch  a s  amino a c i d  N, and a c i d  s o l u b l e  
humin-N.
( i )  A l k a l i - l a b i l e  N F r a c t i o n s
+
H y d r o l y z e d  NH  ̂ -N 
+
The h y d r o l y t e d  NH  ̂ was removed by a l k a l i n e  a e r a t i o n  method d e s ­
c r i b e d  p r e v i o u s l y  under a m m o n iu m -d e te r m in a t io n .  S m al l  amounts  o f  10 N 
NaOH w ere  added  t o  make th e  s o l u t i o n  a l k a l i n e  a s  i n d i c a t e d  by pH p a p e r .  
The ammonia r e l e a s e d  was c o l l e c t e d  i n t o  100 ml o f  0 , 0 1  N
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Amino-Suga  r-  JN
A f t e r  t h e  a e r a t i o n  p r o c e s s ,  t h e  r e s i d u e  h y d r o l y z a t e  was  h e a t e d  In  
a K j e l d a h l  d i s t i l l a t i o n  u n i t  t o  r e l e a s e  t h e  r e m a i n i n g  a m i n o - s u g a r  N a s
nh3 .
( i i )  A l k a l i - s t a b l e  N F r a c t i o n s
A f t e r  r e m o v in g  th e  a l k a l i n e - l a b i l e  N t h e  r e m a i n i n g  h y d r o l y z a t e  
s o l u t i o n  was f i l t e r e d  t o  I s o l a t e  t h e  p r e c i p i t a t e d  p r o d u c t ,  formed d u r i n g  
a l k a l i n i z a t i o n ,  from th e  s o l u t i o n  p h a s e .  The s o l u t i o n  c o n t a i n e d  th e  
n i t r o g e n  f r a c t i o n  w h ic h  was s o l u b l e  i n  b o t h  a c i d  and a l k a l i  b u t  s t a b l e  
under  a l k a l i n e  c o n d i t i o n s  s u c h  as  amino a c i d  N. The p r e c i p i t a t e s  c o n ­
t a i n e d  t h e  a c i d  s o l u b l e  b u t  a l k a l i  i n s o l u b l e - h u m i n  N.
Amino a c i d - N
The s o l u t i o n  from a b o v e  was t r e a t e d  by K j e l d a h l  d i g e s t i o n  and d i s t i l ­
l a t i o n  method o f  o r g a n i c  n i t r o g e n  a n a l y s i s ,  d e s c r i b e d  e a r l i e r  i n  th e  
s e c t i o n  on  t h e  d e t e r m i n a t i o n  o f  o r g a n i c  n i t r o g e n ,  t o  r e l e a s e  a m i n o - a c i d  
N a s  NH3 .
Ac Id - s o l u b l e  Humin-N
A c i d - s o l u b l e  humin N i n  t h e  p r e c i p i t a t e s  was d e t e r m i n e d  e x a c t l y  
t h e  same way a s  a m i n o - a c i d  N f r a c t i o n  i n  th e  s o l u t i o n .
c . F r a c t i o n a t i o n  and D e t e r m i n a t i o n  o f  N i t r o g e n  Components i n  th e  
N o n - h y d r o l y z e a b l e  F r a c t i o n
( i )  I n s o l u b l e  Humin-N
The r e s i d u e ,  l e f t  a f t e r  f i l t r a t i o n  o f  h y d r o l y z e d  s o i l ,  was d e t e r ­
m in ed  by K j e l d a h l  d i g e s t i o n  and d i s t i l l a t i o n  p r o c e d u r e  a s  d e s c r i b e d  f o r  
o r g a n i c  n i t r o g e n  d e t e r m i n a t i o n .
The t i t r a t e d  s o l u t i o n s  i n  a l l  t h e s e  f r a c t i o n s  w ere  p r e p a r e d  f o r  
*^N a n a l y s i s .
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4 .  N i t r o g e n - 15 T e c h n i q u e s
a , Sample  P r e p a r a t i o n
The t i t r a t e d  s a m p l e s  c o n t a i n i n g  n i t r o g e n  i n  t h e  form o f  ammonium 
s u l f a t e ,  a s u i t a b l e  s t a r t i n g  m a t e r i a l  f o r  ^ N  a n a l y s i s  ( R i t t e n b e r g ,  1 9 4 6 ) ,  
w ere  e v a p o r a t e d  t o  a c o n c e n t r a t e d  form s o  t h a t  a b o u t  3 ml o f  t h e  f i n a l  
s o l u t i o n  c o n t a i n e d  a t  l e a s t  o n e  mg N p er  m l .  T h is  c o n c e n t r a t i o n  was ade­
q u a t e  f o r  ^ N  a n a l y s i s .  The c o n c e n t r a t e d  s a m p l e s  w e r e  t r a n s f e r r e d  t o  
g l a s s  v i a l s  and s t o r e d  i n  t h e  r e f r i g e r a t o r  u n t i l  a n a l y z e d .
b . A n a l y s e s
The ^ N  a n a l y s e s  w ere  c a r r i e d  o u t  i n  a CEC 2 1 - 1 3 0  Mass S p e c t r o m e t e r ,  
a t  t h e  N a t i o n a l  F e r t i l i z e r  D e v e lo p m e n t  C e n t e r ,  T e n n e s s e s  V a l l e y  A u t h o r i t y ,  
M u s c le  S h o a l s ,  ALabama, a c c o r d i n g  t o  t h e  m ethod  o f  R i t t e n b e r g  ( 1 9 4 6 )  a s  
d e s c r i b e d  by Bremner ( 1 9 6 5 c ) .
( i )  C o n v e r s i o n  o f  Ammonium t o  N i t r o g e n  Gas
The c o n v e r s i o n  o f  ammonium-N t o  N2  g a s  f o r  mass  s p e c t r o m e t e r  a n a l y ­
s i s  was a c c o m p l i s h e d  by t r e a t m e n t  o f  o n e  ml o f  t h e  s a m p le  w i t h  2  ml o f  
a l k a l i n e  sod iu m  h y p o b r o m l t e  s o l u t i o n  i n  t h e  c o m p l e t e  a b s e n c e  o f  a i r .  The 
N2  g a s  e v o l v e d  a s  d e s c r i b e d  by t h e  f o l l o w i n g  r e a c t i o n .
2 NH3  + 3 NaOBr = 3 NaBr +  3 H20  +  N2
The c o n v e r s i o n  o f  ammonium t o  N2  was p e r fo r m e d  i n  a m o d i f i e d  R i t t e n b e r g  
Y - t u b e  d e s i g n e d  t o  f i t  t h e  mass  s p e c t r o m e t e r  t h r o u g h  a m o d i f i e d  g a s  i n l e t
s y s t e m  a s  d e s c r i b e d  by Bremner ( 1 9 6 5 c ) .  The d e s i g n  o f  t h i s  c o n v e r s i o n
a p p r a t u s  e l i m i n a t e s  t h e  p r o b le m  o f  a i r  l e a k a g e  d u r i n g  c o n v e r s i o n  o f  
ammonium t o  N2  and m i n i m i z e s  o t h e r  d i f f i c u l t i e s  i n  t h e  s u b s e q u e n t  a n a l y s i s  
o f  t h i s  g a s .
( i i ) . D e t e r m i n a t i o n  o f  I s o t o p i c  C o m p o s i t i o n  o f  N i t r o g e n
The N2 , p r o d u c e d  under  h i g h  vacuum d u r i n g  t h e  r e a c t i o n  o f  a l k a l i n e  
sod ium  h y p o b r o m l t e  w i t h  s a m p l e ,  was l e d  t o  t h e  g a s  i n l e t  s y s t e m  o f  t h e
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mass s p e c t r o m e t e r  through  a U tube  immersed i n  a l i q u i d  n i t r o g e n  t r a p .
The gas  was th en  i n t r o d u c e d  i n t o  t h e  i o n i z a t i o n  chamber a t  a r e g u l a t e d  
p r e s s u r e  p r e d e t e r m i n e d  t o  g i v e  e f f e c t i v e  i o n i z a t i o n  o f  g as  m o l e c u l e s .
The mass s p e c t r o m e t e r  th en  s e p a r a t e d  i o n s ,  produced  by e l e c t r o n  bombard­
ment o f  m o l e c u l a r - N ,  i n t o  a s p ec tru m  a c c o r d i n g  t o  t h e i r  m a s s ,  o r ,  t o  be 
more s p e c i f i c ,  a c c o r d i n g  to  th e  r a t i o  o f  mass to  c h a r g e ,  M /e .  T h i s  s e p a ­
r a t i o n  was e f f e c t e d  by an a p p r o p r i a t e  c o m b i n a t i o n  o f  e l e c t r i c a l  and 
m a g n e t i c  f i e l d s ,  and th e  r e l a t i v e  a b u ndan ces  o f  i o n s  o f  d i f f e r e n t  M/e 
r a t i o s  was d e t e r m i n e d  by c o l l e c t i n g  t h e  i o n s  on i n s u l a t e d  e l e c t r o d e s  and 
r e c o r d i n g  the  c u r r e n t  t h e y  p r o d u c e .
( i i i )  C a l c u l a t i o n  o f  R e s u l t s
The mass s p e c t r o m e t e r  m e a s u r e s  t h e  r a t i o  o f  th e  i n t e n s i t i e s  o f  the  
c u r r e n t s  produced  by two i s o t o p i c  i o n  beams.  In  t h e  c a s e  o f  n i t r o g e n ,  
t h e  measured  r a t i o  (R) i s  t h a t  o f  th e  i o n  c u r r e n t s  c o r r e s p o n d i n g  t o  mass  
28 ( * ^ N ^ N )  and mass  29 ( ^ N ^ N ) ,  i . e . ,
R -
^ n 15n
I s o t o p i c  a b und an ces  a r e  e x p r e s s e d  i n  terms o f  a t o m - p e r c e n t  o f  th e  i s o t o p e  
under i n v e s t i g a t i o n .  To c a l c u l a t e  a t o m - p e r c e n t  o f  the  f o l l o w i n g  r e ­
l a t i o n s h i p  i s  u s e d .
A t o m -p e r c e n t
2R + 1
F u r t h e r  c a l c u l a t i o n s  f o r  a t o m - p e r c e n t  e x c e s s  and l a b e l l e d  N r e c o v e r e d  
w ere  made a f t e r  J a n s s o n  ( 1 9 5 8 ) .
RESULTS AND DISCUSSION
A . M i n e r a l i z a t i o n  o f  O r g a n ic  N i t r o g e n  In S o i l  from P l a n t  M a t e r i a l  o f
V a r i o u s  C:N R a t i o s  D ecom p os in g  under  W a t e r l o g g e d  ancj Optimum M o i s t u r e  
C o n d i t i o n s
T h i s  e x p e r i m e n t  c o n s i s t e d  o f  a c o m p a r a t i v e  s t u d y  o f  t h e  r a t e  o f  
n i t r o g e n  m i n e r a l i z a t i o n  i n  C r o w le y  s i l t  lo am ,  under two m o i s t u r e  r e g i m e s  
w i t h  and w i t h o u t  added s t r a w  o f  v a r i o u s  c a r b o n :  n i t r o g e n  (C:N) r a t i o s .
The s a m p l e s  w ere  i n c u b a t e d  under  w a t e r l o g g e d  and optimum m o i s t u r e  (23  
p e r  c e n t  m o i s t u r e )  c o n d i t i o n s .  A n i t r i f i c a t i o n  i n h i b i t o r  was added  i n  
an a t t e m p t  t o  p r e v e n t  n i t r i f i c a t i o n  o f  ammonium formed d u r i n g  t h e  m i n ­
e r a l i z a t i o n  p r o c e s s .  The r e s u l t s  o b t a i n e d  a r e  g i v e n  i n  F i g u r e  1 .  The  
n i t r o g e n  m i n e r a l i z a t i o n  r a t e s ,  i n  term s  o f  ammonium a c c u m u l a t i o n ,  
f o l l o w e d  t h e  g e n e r a l  o r d e r  o f  C:N r a t i o s  b o t h  under w a t e r l o g g e d  and  
optimum m o i s t u r e  c o n d i t i o n s .  A d d i t i o n  o f  ground c l o v e r  c o r r e s p o n d i n g  
t o  a C:N r a t i o  o f  1 5 : 1  a c c u m u l a t e d  t h e  l a r g e s t  am ounts  o f  ammonium-N 
w h e r e a s  t h e  p eak  v a l u e s  o f  ammonium a c c u m u l a t i o n  f o r  w i d e r  C:N r a t i o s  
( 2 1 : 1 ,  3 5 : 1 ,  9 2 : 1 )  w e r e  d e l a y e d  p r o g r e s s i v e l y  a s  th e  r a t i o  i n c r e a s e d .
Of s p e c i a l  i n t e r e s t  i n  t h i s  s t u d y  w e r e  t h e  c o m p a r a t i v e  r a t e s  o f  
ammonium a c c u m u l a t i o n  under  w a t e r l o g g e d  and opt imum m o i s t u r e  c o n d i t i o n s  
o v e r  t h e  w i d e  r a n g e  o f  C:N r a t i o s .  A c l o s e  e x a m i n a t i o n  o f  F i g u r e  1 r e ­
v e a l s  t h a t  d u r i n g  t h e  f i r s t  two m onths  o f  i n c u b a t i o n  a p p r e c i a b l y  h i g h e r  
v a l u e s  o f  a m m o n i f i c a t i o n  were  r e c o r d e d  under w a t e r l o g g e d  th a n  u n der  
optimum m o i s t u r e  c o n d i t i o n s .  A f t e r  t h i s  p e r i o d  t h e  d i f f e r e n c e  i n  am­
monium a c c u m u l a t i o n  b e t w e e n  t h e  two m o i s t u r e  r e g i m e s  narrow ed  and s u b s e ­
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F i g u r e  1.  M i n e r a l i z a t i o n  o f  o r g a n i c  n i t r o g e n  a t  v a r i o u s  C:N r a t i o s  o f  
a d d e d  p l a n t  m a t e r i a l  u n d e r  w a t e r l o g g e d  a n d  op t im um  m o i s t u r e  
c o n d l t i o n s .
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c o n s e q u e n c e ,  a t  the  end o f  the I n c u b a t i o n  p e r i o d ,  a p p r e c i a b l y  h i g h e r  
amounts  o f  atnmonium-N were  p r e s e n t  under optimum m o i s t u r e  th an  under w a t e r ­
lo g g e d  c o n d i t i o n s .  T h i s  r e v e r s i o n  i n  ammonium a c c u m u l a t i o n  b e tw een  th e  
two m o i s t u r e  r e g im e s  was c a u s e d  by a r a p id  d e c l i n e  in  ammonium a c c u m u la ­
t i o n  under w a t e r l o g g e d  c o n d i t i o n s  i n  c o n t r a s t  t o  th e  c o n c o m i t a n t  i n c r e a s e  
i n  ammonium-N under optimum m o i s t u r e  c o n d i t i o n s .  About  th e  same g e n e r a l  
p a t t e r n  o f  ammonium a c c u m u l a t i o n  was o b s e r v e d  a t  v a r i o u s  C:N r a t i o s  o f  
th e  added p l a n t  m a t e r i a l .  However ,  th e  d i f f e r e n c e  i n  ammonium a c c u m u la ­
t i o n  b etw een  t h e  two m o i s t u r e  r e g im e s  was r e l a t i v e l y  more pronounced  a t  
w id e r  ( 2 1 : 1  & 3 5 : 1 )  than  a t  narrow ( 1 5 : 1 )  C:N r a t i o s .  At  a much w id e r  
C:N r a t i o  ( 9 2 . 1 )  t h e r e  was h a r d l y  any r e l e a s e  o f  ammonium-N d u r i n g  e a r l y  
s t a g e s  o f  i n c u b a t i o n .  However ,  a s l i g h t  a c c u m u l a t i o n  o f  ammonium was  
n o te d  tow ards  t h e  end o f  i n c u b a t i o n  i n d i c a t i n g  r e l a t i v e l y  h i g h e r  amounts  
o f  ammonium-N under w a t e r l o g g e d  th an  under optimum m o i s t u r e  t r e a t m e n t .  Con­
t r a r y  t o  t h e s e  o b s e r v a t i o n s ,  th e  u n t r e a t e d  s o i l  h a v in g  a C:N r a t i o  o f  
13 :1  i n  th e  n a t i v e  s o i l  o r g a n i c  m a t t e r  y i e l d e d  h i g h e r  v a l u e s  o f  ammon­
ium a c c u m u l a t i o n  under optimum m o i s t u r e  than  under w a t e r l o g g e d  c o n d i t i o n s .  
These  r e s u l t s  p o i n t e d  o u t  two im p o r t a n t  f e a t u r e s  o f  ammonium a c ­
c u m u l a t i o n  under w a t e r l o g g e d  c o n d i t i o n s  i n  c o n t r a s t  t o  optimum m o i s t u r e  
c o n d i t i o n s :  ( 1 )  r e l a t i v e l y  h i g h e r  a c c u m u l a t i o n  o f  anmonlum-N, p a r t i c u l a r ­
l y  a t  w id e r  C:N r a t i o s  ( 2 1 : 1  & 3 5 : 1 ) ,  d u r i n g  t h e  f i r s t  two months  o f  
i n c u b a t i o n ,  and ( 2 ) s u b s e q u e n t  d e c l i n e  i n  ammonium a c c u m u l a t i o n  a t  l a t e r  
s t a g e s  o f  I n c u b a t i o n .  The i n i t i a l  r a p i d  a c c u m u l a t i o n  o f  ammonium under  
w a t e r l o g g e d  compared to  t h a t  a t  optimum m o i s t u r e  may be a t t r i b u t e d  t o  
th e  low n i t r o g e n  r e q u i r e m e n t s  o f  a n a e r o b i c  m e t a b o l i s m .  S i n c e  a n a e r o b i c  
b a c t e r i a  o p e r a t e  a t  a low f e r m e n t a t i o n  e n e r g y ,  t h e  s y n t h e s i s  r a t e  o f  
t h e  new c e l l  m a t e r i a l  i s  v e r y  low .  Thus th e  n i t r o g e n  i m m o b i l i z e d  d u r in g  
th e  a n a e r o b i c  d e c o m p o s i t i o n  s h o u l d  be l e s s ,  and t h a t  r e l e a s e d  t o  the
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s o i l  s o l u t i o n  s h o u l d  be  h i g h .  On t h e  c o n t r a r y ,  a e r o b i c  m e t a b o l i s m  r e ­
s u l t s  i n  a v i g o r o u s  d e c o m p o s i t i o n  o f  o r g a n i c  m a t t e r  c o u p l e d  w i t h  a 
s y n t h e t i c  a c t i v i t y  a t  a h i g h  l e v e l .  T h u s ,  d e s p i t e  r a p i d  d e c o m p o s i t i o n ,  
t h e  r e l e a s e  o f  n i t r o g e n  i s  s m a l l  u n t i l  th e  s u b s t r a t e  r e a c h e s  a C:N r a t i o  
l e s s  th a n  1 6 : 1  (Waksman, 1 9 3 2 ) .  A ch arya  ( 1 9 3 5 c )  and S i r c a r  e t  a_l. (19^+0) 
p r e s e n t e d  s i m i l a r  e v i d e n c e  and r e p o r t e d  t h a t  n i t r o g e n  r e l e a s e d  by r i c e  
s t r a w  d e c o m p o s i n g  under  a n a e r o b i c  c o n d i t i o n s  was a b o u t  4  t o  6  t i m e s  t h a t  
r e l e a s e d  under  a e t o b i c  c o n d i t i o n ,  a l t h o u g h  t h e  d e c o m p o s i t i o n  r a t e  was much 
h i g h e r  under t h e  l a t t e r  c o n d i t i o n s .  W i l l i a m s  e_t a_l. ( 1 9 6 8 )  l i k e w i s e  
i n d i c a t e d  t h a t  u n der  f i e l d  c o n d i t i o n s  t h e  n i t r o g e n  r e q u i r e m e n t  f o r  th e  
d e c o m p o s i t i o n  o f  r i c e  s t r a w  i n  f l o o d e d  r i c e  s o i l s  was a b o u t  o n e - t h i r d  
o f  th e  a v e r a g e  c o n c e n t r a t i o n  o f  n i t r o g e n  r e q u i r e d  f o r  o r g a n i c  r e s i d u e  
d e c o m p o s i t i o n  i n  a normal  w e l l - d r a i n e d  s o i l .
Some p r a c t i c a l  a s p e c t s  o f  c o n s i d e r a b l e  a g r o n o m ic  i m p o r t a n c e  may be  
a n t i c i p a t e d  from t h e s e  r e s u l t s .  R i c e  c r o p  r e s i d u e s  o r d i n a r i l y  r e q u i r i n g  
d i s p o s a l  p r i o r  t o  t h e  p l a n t i n g  o f  t h e  n e x t  c r o p  may be i n c o r p o r a t e d  w i t h ­
o u t  c a u s i n g  a p p r e c i a b l e  n i t r o g e n  i m m o b i l i z a t i o n .  I t  i s  p o s s i b l e  t h a t  
t h e  d e c o m p o s in g  s t r a w ,  when p r o d u c e d  under  m o d e r a t e l y  h i g h  n i t r o g e n  
c o n d i t i o n s ,  w i l l  r e l e a s e  n i t r o g e n  d u r i n g  t h e  gro w th  p e r i o d  o f  t h e  r i c e  
c r o p .  W i l l i a m s  e t  a l .  ( 1 9 6 8 )  p r o v i d e d  e v i d e n c e  s u b s t a n t i a t i n g  t h e s e  
e f f e c t s  under  f i e l d  c o n d i t i o n s .
An I m p o r t a n t  f e a t u r e  o f  n i t r o g e n  m i n e r a l i z a t i o n  i n  w a t e r l o g g e d  
s o i l  i s  th e  d e c l i n e  i n  ammonium a c c u m u l a t i o n  d u r i n g  l a t t e r  s t a g e s  o f  
i n c u b a t i o n .  The e x a c t  n a t u r e  o f  t h i s  n i t r o g e n  l o s s  i s  n o t  known. How­
e v e r ,  i t  i s  p o s s i b l e  t h a t  th e  n i t r i f i c a t i o n  i n h i b i t o r  d i d  n o t  work e f ­
f e c t i v e l y  a f t e r  a p p r o x i m a t e l y  2 months  o f  i n c u b a t i o n .  T h u s ,  t h e  
ammonium formed d u r i n g  m i n e r a l i z a t i o n  was n i t r i f i e d  i n  t h e  upper  o x i d i z e d  
z o n e  and was s u b s e q u e n t l y  d e n i t r i f i e d  In th e  lo w e r  a n a e r o b i c  z o n e .  The
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e x p e r i m e n t a l  d a t a  p e r  s e  do n o t  h o l d  any  e v i d e n c e  t o  a c c o u n t  f o r  t h i s  
e f f e c t ;  h o w e v e r ,  t h i s  p o s s i b i l i t y  o f  n i t r o g e n  l o s s  t h r o u g h  d e n i t r i f i c a ­
t i o n  was  s u g g e s t e d  by s u b s e q u e n t  s t u d i e s  w h ic h  a r e  d i s c u s s e d  l a t e r  in  
t h i s  r e p o r t .
B . T r a c e r  S t u d i e s  on N i t r o g e n  T r a n s f o r m a t i o n s  i n  S o i l  w i t h  S p e c i a l  
R e f e r e n c e  t o  I t m n o b i l i z a t i o n  and M i n e r a l l z a t i o n  
1.  I m m o b i l i z a t i o n - M l n e r a l i z a t  io n  R e a c t i o n s
The amounts  o f  i n o r g a n i c  and o r g a n i c  n i t r o g e n  o b t a i n e d  i n  t h e  s e c o n d  
e x p e r i m e n t  a r e  p r e s e n t e d  i n  F i g u r e s  2 - 8 .  T o t a l  amounts o f  I n o r g a n i c  
n i t r o g e n  (NH^* +  NO3  ) and amounts  o f  l a b e l l e d  n i t r o g e n  fou n d  i n  t h e  i n ­
o r g a n i c  s t a t e  a r e  g i v e n  i n  r e l a t i o n  t o  t im e  o f  i n c u b a t i o n .  A l s o ,  c h a n g e s  
i n  th e  c o r r e s p o n d i n g  l a b e l l e d  and u n l a b e l l e d  o r g a n i c  n i t r o g e n  f r a c t i o n s  
a r e  p l o t t e d  a g a i n s t  t i m e .  T h ese  f i g u r e s  g i v e  an i n d i c a t i o n  o f  th e  n e t  
i m m o b i l i z a t i o n  o r  n e t  m i n e r a l i z a t i o n  o f  n i t r o g e n .
F i g u r e  2 shows t h a t  under  optimum m o i s t u r e  c o n d i t i o n s  a n e t  m i n e r a l ­
i z a t i o n  o f  o r g a n i c  n i t r o g e n  was g o i n g  on  c o n t i n u o u s l y  i n  t h e  u n t r e a t e d  
s o i l  and a c c o u n t e d  f o r  a b o u t  32 ppm N d u r i n g  t h e  f o u r - m o n t h  i n c u b a t i o n  
p e r i o d .  Under w a t e r l o g g e d  c o n d i t i o n s  th e  i n c r e a s e  i n  i n o r g a n i c  n i t r o g e n  
i n d i c a t i n g  n e t  m i n e r a l i z a t i o n  was m a n i f e s t e d  o n l y  d u r i n g  t h e  f i r s t  month  
o f  i n c u b a t i o n .  A f t e r  t h i s  t im e  t h e  i n o r g a n i c  n i t r o g e n  d e c r e a s e d  a t  a 
g r a d u a l  r a t e  e v e n  th ou gh  t h e  m i n e r a l i z a t i o n  o f  o r g a n i c  n i t r o g e n  c o n t i n u e d  
t h r o u g h o u t  th e  i n c u b a t i o n  p e r i o d .  The amount o f  o r g a n i c  n i t r o g e n  t h u s  
m i n e r a l i z e d  t h a t  d i d  n o t  q u a n t i t a t i v e l y  show up i n  t h e  c o r r e s p o n d i n g  i n ­
o r g a n i c  f r a c t i o n  i n d i c a t e d  a l o s s  o f  n i t r o g e n  from t h e  s y s t e m .
I n  t r e a t m e n t  b ,  w here  100 ppm NH^+ -N was added  t o  t h e  u n t r e a t e d  s o i l  
and m a i n t a i n e d  a t  optimum m o i s t u r e  c o n d i t i o n s  ( F i g u r e  3 ) ,  t h e r e  was  
r a p i d  i m m o b i l i z a t i o n  o f  a p p l i e d  NH^+ -N d u r i n g  t h e  f i r s t  w eek  o f
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F i g u r e  2 .  C han ges  i n  i n o r g a n i c  and o r g a n i c  n i t r o g e n  
u nder  w a t e r l o g g e d  and opt imum m o i s t u r e  
c o n d i t i o n s  In  s o i l  t o  w h i c h  no a d d i t i o n a l  
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F i g u r e  3.  Chan ges  in  t h e  g r o s s  a n d  l a b e l l e d  I n o r g a n i c  a nd  o r g a n i c
n i t r o g e n  u n d e r  w a t e r l o g g e d  and  o p t i m um  m o i s t u r e  c o n d i t i o n s .
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i n c u b a t i o n .  The n e t  i m m o b i l i z a t i o n  r e a c h e d  a b o u t  28 p e r  c e n t  o f  t h e  a p ­
p l i e d  n i t r o g e n  by t h e  e i g h t h  d a y .  A f t e r  t h i s  t im e  a c o n t i n u o u s  and v i g ­
o r o u s  n e t  m i n e r a l i z a t i o n  o c c u r r e d  r e s u l t i n g  i n  an  i n c r e a s e  o f  a b o u t  50 
ppm N In  t h e  t o t a l  i n o r g a n i c  n i t r o g e n  p o o l .  A l s o  t h e  amount o f  t a g g e d  
n i t r o g e n  found i n  t h e  i n o r g a n i c  s t a t e  i n c r e a s e d  d u r i n g  th e  n e t  m i n e r a l i ­
z a t i o n  p e r i o d  o f  the  e x p e r i m e n t ,  but  a t  a much s l o w e r  r a t e  th a n  the  n e t  
m i n e r a l i z a t i o n .  The c h a n g e s  i n  t h e  c o r r e s p o n d i n g  g r o s s  and l a b e l l e d  
o r g a n i c  n i t r o g e n  f r a c t i o n s  f u r t h e r  i n d i c a t e d  t h a t  t h e  i n i t i a l  r a p i d ,  but  
s m a l l ,  n e t  i m m o b i l i z a t i o n  was f o l l o w e d  by a v i g o r o u s  and c o n t i n u o u s  n e t  
m i n e r a l i z a t i o n .  I t  i s  i n t e r e s t i n g  t o  n o t e  from t h e s e  d a t a  t h a t  th e  
a d d i t i o n  o f  i n o r g a n i c  n i t r o g e n  c a u s e d  a c o n s i d e r a b l e  n i t r o g e n  t u r n o v e r  
e v e n  i n  t h e  a b s e n c e  o f  added e n e r g y  m a t e r i a l .
F i g u r e  3 a l s o  shows th e  i m m o b i l i z a t i o n - m i n e r a 1 i z a t i o n  r e l a t i o n s h i p  
u n d e r  w a t e r l o g g e d  c o n d i t i o n s .  The c o n t i n u o u s  d e c r e a s e  i n  t o t a l  and  
l a b e l l e d  i n o r g a n i c  f r a c t i o n s  a p p a r e n t l y  g a v e  an i n d i c a t i o n  o f  c o n t i n u o u s  
n e t  i m m o b i l i z a t i o n ,  b u t  t h i s  was n o t  r e a l l y  t h e  c a s e .  The t r a c e r  d a t a  
o n  t h e  movement o f  i n o r g a n i c  n i t r o g e n  t o  t h e  o r g a n i c  p h a s e  showed t h a t  
i m m o b i l i z a t i o n  o f  a p p l i e d  n i t r o g e n  was c o m p l e t e d  by t h e  f i f t e e n t h  day  o f  
i n c u b a t i o n .  A f t e r  t h i s  t im e  no f u r t h e r  n e t  i m m o b i l i z a t i o n  a p p e a r e d ,  bu t  
r a t h e r  a s m a l l  r e m i n e r a l i z a t i o n  o f  I m m o b i l i z e d  l a b e l l e d  n i t r o g e n  o c c u r r e d .  
T h i s ,  i n  t u r n ,  i n d i c a t e s  t h a t  t h e  d e c r e a s e  i n  t h e  i n o r g a n i c  n i t r o g e n  
d u r i n g  t h e  l a t e r  p a r t  o f  i n c u b a t i o n  was c a u s e d  by a m echanism o t h e r  
t h a n  i m m o b i l i z a t i o n .  T h is  c o n c l u s i o n  was f u r t h e r  c o n f i r m e d  by t h e  d a t a  
f o r  o r g a n i c  n i t r o g e n .  The c o n t i n u o u s  d e c r e a s e  i n  t h e  o r g a n i c  f r a c t i o n ,  
a f t e r  t h e  i n i t i a l  r a p i d  I n c r e a s e ,  I n d i c a t e d  t h e  p r e v a l e n c e  o f  n e t  m in ­
e r a l i z a t i o n  d u r i n g  t h e  l a t e r  p a r t  o f  i n c u b a t i o n .  S i n c e  t h i s  n e t  
m i n e r a l i z e d  n i t r o g e n  d i d  n o t  show up i n  t h e  i n o r g a n i c  f r a c t i o n ,  t h e  l o s s  
o f  n i t r o g e n  from t h e  s o i l  m u st  be  c o n s i d e r e d .
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F u r t h e r  c o n s i d e r a t i o n  o f  t h e  d a ta  r e p o r t e d  In  F i g u r e s  2 and 3 f o r
+
th e  u n t r e a t e d  c o n t r o l  s o i l  and f o r  t h e  s o i l  w i t h  added  100 ppm NH  ̂ -N 
p o i n t s  o u t  some i n t e r e s t i n g  f e a t u r e s  o f  n i t r o g e n  t r a n s f o r m a t i o n  under  
optimum m o i s t u r e  c o n d i t i o n s .
I n  F i g u r e  4a th e  d i f f e r e n c e  i n  t o t a l  i n o r g a n i c  n i t r o g e n  b e tw e e n  
t h e  c o n t r o l  and t r e a t m e n t  b ( 1 0 0  ppm NH^+ -N a d d e d ) ,  i n d i c a t i n g  th e  r e ­
c o v e r e d  l a b e l l e d  i n o r g a n i c  n i t r o g e n  a s  d e t e r m i n e d  by s u b t r a c t i o n ,  I s  
p l o t t e d  a g a i n s t  t i m e .  In  t h i s  same f i g u r e  i s  a l s o  p l o t t e d  t h e  amount o f  
l a b e l l e d  i n o r g a n i c  n i t r o g e n  r e c o v e r e d  by t h e  d i r e c t  t r a c e r  m e th o d .  The 
d i f f e r e n c e  b e t w e e n  the  two m eth od s  may p r o v i d e  an e s t i m a t e  o f  t h e  n i t r o ­
gen i n t e r c h a n g e  o c c u r r i n g  d u r i n g  t h e  i n c u b a t i o n  p e r i o d .  The c u r v e s  
r e p r e s e n t i n g  t h e  two m e th o d s  were  in  c l o s e  a g r e e m e n t  a t  t h e  s t a r t  o f  th e  
e x p e r i m e n t .  How ever ,  a s  t h e  b i o l o g i c a l  a c t i v i t y  became e s t a b l i s h e d  a f t e r  
ab o u t  e i g h t  d a y s ,  a d e v i a t i o n  b e tw e e n  t h e  two c u r v e s  was o b s e r v e d .  The 
a p p l i e d  n i t r o g e n  r e c o v e r e d  by t h e  t r a c e r  method was lo w e r  t h a n  t h a t  o b ­
t a i n e d  by t h e  s u b t r a c t i o n  m e th o d .  T h ese  d i f f e r e n c e s  t e n d e d  t o  i n c r e a s e  
g r a d u a l l y  to  a b o u t  1 2 - 1 5  ppm N a s  th e  i n c u b a t i o n  p e r i o d  p r o c e e d e d .  In  
term s  o f  b i o l o g i c a l  t u r n o v e r  o f  n i t r o g e n  t h e s e  d i f f e r e n c e s  I n d i c a t e d  
t h a t  l m m o b i l i z a t l o n - m i n e r a l i z a t l o n  was g o i n g  on  i n  s u c h  a way t h a t  th e  
l a b e l l e d  n i t r o g e n  was i m m o b i l i z e d  a t  th e  same t im e a s  t h e  s o i l  n i t r o g e n  
became m i n e r a l i z e d ,  J a n s s o n  ( 1 9 5 8 )  u s e d  t h e  d i f f e r e n c e  b e t w e e n  t h e  two 
m eth o d s  t o  e v a l u a t e  t h e  m i n e r a l l z a t i o n - i m m o b i l i z a t i o n  p r o c e s s  i n  h i s  
t r a c e r  I n v e s t i g a t i o n  o f  n i t r o g e n  t r a n s f o r m a t i o n s .
In  F i g u r e  5 ,  ’N from u n t r e a t e d  s o i l 1 r e p r e s e n t s  t h e  t o t a l  amount  
o f  I n o r g a n i c  n i t r o g e n  found In t h e  c o n t r o l  s o i l .  The d o t t e d  l i n e  i n d i ­
c a t e s  t h e  amount o f  i n o r g a n i c  n i t r o g e n  i n  t r e a t m e n t  b ( 1 0 0  ppm NH^+ -N 
added)  a f t e r  s u b t r a c t i o n  o f  th e  amount o f  l a b e l l e d  n i t r o g e n  p r e s e n t ,  
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F igure  4 .  Recovery o f  added ammonium n i t r o g e n  (100 ppm N) 
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F i g u r e  5 .  A p p a re n t  p r im in g  e f f e c t  i n  t r e a t m e n t  b (100  ppm N) 
under optimum m o i a t u r e  c o n d i t i o n s .
Optimun Moisture
A pparen t prim ing effect
N From u n trea ted  toil
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due t o  th e  ammonium a d d i t i o n .  Whether t h i s  p r i m i n g  e f f e c t  i s  r e a l  o r  
an a r t i f a c t  i s  s t i l l  a m a t t e r  o f  c o n t r o v e r s y .  J a n s s o n  ( 1 9 5 8 )  r e g a r d e d  
t h e  a p p a r e n t  a d d i t i o n a l  i n c r e a s e  i n  i n o r g a n i c  s o i l  n i t r o g e n  i n d u c e d  by  
i n o r g a n i c  n i t r o g e n  a d d i t i o n  a s  an  a r t i f a c t  e x p l a i n a b l e  on t h e  b a s i s  o f  
b i o l o g i c a l  n i t r o g e n  t u r n o v e r .  He s u g g e s t e d  t h a t  p r i m i n g  e f f e c t  o f  t h i s  
k in d  w a s ,  i n  f a c t ,  an  e x p r e s s i o n  o f  th e  s u b s t i t u t i o n  o f  l a b e l l e d  n i t r o ­
g e n  f o r  n o n - l a b e l l e d  n i t r o g e n  i n  th e  i n o r g a n i c  p h a s e .  He d e m o n s t r a t e d  
t h i s  by t h e  f a c t  t h a t  no s u c h  p r i m i n g  e f f e c t  was o b s e r v e d  u s i n g  t h e  
s u b t r a c t i o n  m e th o d .  The d a t a  r e p o r t e d  in  F i g u r e s  4a  and 5 s u p p o r t  
J a n s s o n  i n  t h a t  th e  a p p a r e n t  p r i m i n g  e f f e c t  shown i n  F i g u r e  5 i s  q u a n ­
t i t a t i v e l y  e q u i v a l e n t  t o  th e  d i f f e r e n c e  b e t w e e n  th e  v a l u e s  o f  a p p l i e d  
n i t r o g e n  r e c o v e r e d  by s u b t r a c t i o n  and th e  t r a c e r  m eth o d s  i n  F i g u r e  4 a .  
S i n c e  t h e  l a t t e r  i s  an i n d e x  o f  b i o l o g i c a l  n i t r o g e n  t u r n o v e r  e x p l i c a b l e  
on a s i m p l e  m i n e r a l i z a t i o n - i m m o b i l i z a t i o n  r e l a t i o n s h i p  ( J a n s s o n ,  1 9 5 8 ) ,  
e v i d e n c e  o f  t h e  s o - c a l l e d  p r i m i n g  e f f e c t  m u st  be d i s r e g a r d e d  i n s o f a r  a s  
t h e  d a t a  p r e s e n t e d  h e r e  i s  c o n c e r n e d .  F i g u r e s  4b and 6  s u g g e s t  a s i m i l a r  
r e l a t i o n s h i p  f o r  a w a t e r l o g g e d  s o i l  s y s t e m .  D e s p i t e  h e a v y  l o s s e s  o f  
n i t r o g e n  under w a t e r l o g g e d  c o n d i t i o n s ,  t h e  d i f f e r e n c e  b e t w e e n  t r a c e r  and  
s u b t r a c t i o n  m eth o d s  i n  F i g u r e  4b i s  q u a n t i t a t i v e l y  e q u a l  t o  t h e  a p p a r e n t  
p r i m i n g  e f f e c t  i n  F i g u r e  6 . I t  may be r e c a l l e d  t h a t  under  optimum m o i s t ­
u r e  c o n d i t i o n s  t h e  d i f f e r e n c e  b e t w e e n  th e  s u b t r a c t i o n  method and t h e  
t r a c e r  method was e x p l a i n e d  on t h e  b a s i s  o f  t h e  n i t r o g e n  m l n e r a l i z a t l o n -  
immob11i z a t i o n  r e l a t i o n s h i p .  An a l t e r n a t e  e x p l a n a t i o n  may be s u g g e s t e d  
f o r  w a t e r l o g g e d  c o n d i t i o n s .  The r e l a t i v e  n i t r o g e n  l o s s  from t h e  s o i l  
I n o r g a n i c  n i t r o g e n  p h a s e  was h i g h e r  i n  t h e  c a s e  o f  u n t r e a t e d  s o i l  th an  
i n  s o i l  t r e a t e d  w i t h  100 ppm NH  ̂ -N .  T h i s  was c a u s e d  by t h e  d i l u t i o n  
o f  s o i l  i n o r g a n i c  n i t r o g e n  w i t h  added  n i t r o g e n  under  t h e  l a t t e r  c o n d i ­
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F i g u r e  6 . A p p arent  p r im in g  e f f e c t  i n  t r e a t m e n t  b (1 0 0  ppm N) 
u nder  w a t e r l o g g e d  c o n d i t i o n s .
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t o t a l  i n o r g a n i c  n i t r o g e n  b e tw e e n  u n t r e a t e d  and t r e a t e d  p 1  gave  r e l a ­
t i v e l y  h i g h e r  v a l u e s  th an  t h e  t r a c e r  m ethod.  The c o n f o r m i t y  be tw een  
t h e  two meth ods  a t  i n i t i a l  s t a g e s  o f  i n c u b a t i o n  may be due t o  no n i t r o ­
gen l o s s  d u r in g  th e  f i r s t  e i g h t  days  o f  i n c u b a t i o n .  F u r th e r m o r e ,  no 
e v i d e n c e  i s  a v a i l a b l e  t o  a c c o u n t  f o r  th e  a p p a r e n t  p r im in g  e f f e c t  p l o t t e d  
in  F i g u r e  6 . I t  i s  p o s s i b l e  t h a t  t h i s  p r im in g  e f f e c t  i s  an  a r t i f a c t  o f  
the  typ e  d e s c r i b e d  by J a n s s o n  ( 1 9 5 8 ) .
C o n tr a r y  t o  t h e  v i e w s  t h a t  the a p p a r e n t  p r im i n g  e f f e c t  i s  an a r t i ­
f a c t ,  Broadbent  ( 1 9 6 5 )  d e m o n s t r a t e d  t h a t  m i n e r a l i z a t i o n  and i m m o b i l i z a t i o n  
r a t e s  In A ik en  c l a y  loam i n c r e a s e d  w i t h  i n c r e a s i n g  l e v e l s  o f  ammonium 
s u l p h a t e  a d d i t i o n ,  i n d i c a t i n g  a r e a l  e f f e c t  o f  added i n o r g a n i c  n i t r o g e n  
on r e l e a s e  o f  s o i l  n i t r o g e n .  More work i s  needed on th e  o c c u r r e n c e  and 
th e  n a t u r e  o f  th e  n i t r o g e n  p r im in g  e f f e c t  in  s o i l .
F i g u r e  7,  d e p i c t i n g  th e  i m m o b i l i z a t i o n - m l n e r a l i z a t i o n  ch a n g es  i n  
t r e a t m e n t  c i n d i c a t e s  t h a t  t h e  a d d i t i o n  o f  s t r a w  ( 1 0 0 0  ppm c a rb o n )  to  
s o i l  w i t h  1 0 0  ppm NH^+ -N I n c r e a s e d  c o n s i d e r a b l y  t h e  n e t  i m m o b i l i z a t i o n  
o f  i n o r g a n i c  n i t r o g e n  i n  the  o r g a n i c  p h a s e .  A maximum in  i m m o b i l i z a t i o n  
was o b s e r v e d  by th e  e i g h t h  day o f  i n c u b a t i o n .  From t h i s  t im e  o n ,  th e  
i n i t i a l  n e t  l n x n o b l l i z a t i o n  was changed i n t o  a r a t h e r  v i g o r o u s  n e t  
m i n e r a l i z a t i o n .  R e g a r d in g  the tu r n o v e r  o f  a p p l i e d  n i t r o g e n ,  maximum 
i m m o b i l i z a t i o n  am ou nt in g  to  a b o u t  42  per  c e n t  o f  th e  added n i t r o g e n  
o c c u r r e d  d u r in g  th e  f i r s t  f i f t e e n  d a y s .  T h i s  was th en  f o l l o w e d  by 
r a p i d  r e m l n e r a l i z a t i o n  o f  th e  r e c e n t l y  i m m o b i l i z e d  l a b e l l e d  n i t r o g e n  
f o r  th e  n e x t  f i f t e e n  d a y s .  A f t e r  t h i s  t im e r e m i n e r a l i z a t i o n  p r o c e e d e d  
a t  a v e r y  s l o w  r a t e .
The c h a n g e s  i n  g r o s s  and l a b e l l e d  o r g a n i c  n i t r o g e n  f r a c t i o n s  a l s o  
i n d i c a t e  a s i m i l a r  i m m o b i l i z a t i o n - m l n e r a l i z a t i o n  r e l a t i o n s h i p  a s  sum­
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F i g u r e  7.  Chan ges  I n  t h e  g r o s s  a nd  l a b e l l e d  i n o r g a n i c  and o r g a n i c
n i t r o g e n  u n d e r  w a t e r l o g g e d  and  op t imum m o i s t u r e  c o n d i t i o n s .
6 1
f o l l o w e d  by a s u b s e q u e n t  v i g o r o u s  d e c r e a s e  i n  t h e  g r o s s  o r g a n i c  N f r a c ­
t i o n  c o r r e s p o n d s ,  r e s p e c t i v e l y ,  t o  t h e  i n i t i a l  n e t  i r a n o b i l i z a t i o n  and  
s u b s e q u e n t  n e t  m i n e r a l i z a t i o n .  A m o d e r a t e  ch a n g e  i n  t h e  l a b e l l e d  o r g a n i c  
n i t r o g e n  ( s h a d e d  a r e a )  i l l u s t r a t e s  a r e l a t i v e l y  s l o w  m i n e r a l i z a t i o n  r a t e  
o f  th e  r e c e n t l y  i m m o b i l i z e d  l a b e l l e d  n i t r o g e n  p a r t i c u l a r l y  d u r i n g  t h e  
l a t e r  p a r t  o f  t h e  i n c u b a t i o n .
Under w a t e r l o g g e d  c o n d i t i o n s  ( F i g u r e  7)  a c o n t i n u o u s  d e c r e a s e  i n  
th e  i n o r g a n i c  l a b e l l e d  n i t r o g e n  i n d i c a t e s  t h a t  t h e  n i t r o g e n  from th e  
i n o r g a n i c  p o o l  was b e i n g  c o n s t a n t l y  removed e i t h e r  by  i m m o b i l i z a t i o n  i n t o  
t h e  o r g a n i c  p h a s e  o r  t h r o u g h  some o t h e r  mechanism or n i t r o g e n  l o s s .
S i n c e  t h i s  d e c r e a s e  i n  t h e  I n o r g a n i c  f r a c t i o n  i n  w a t e r l o g g e d  s o i l  was  
n o t  q u a n t i t a t i v e l y  a c c o u n t e d  by an i n c r e a s e  i n  t h e  c o r r e s p o n d i n g  o r g a n i c  
f r a c t i o n  e x c e p t  f o r  t h e  f i r s t  8  d a y s ,  l o s s  o f  n i t r o g e n  from t h e  s y s t e m  
a t  a g r a d u a l l y  d e c r e a s i n g  r a t e  was p r o p o s e d  t o  a c c o u n t  f o r  t h e  c o n t i n u ­
o u s  d e c r e a s e  o f  i n o r g a n i c  n i t r o g e n  d u r i n g  t h e  l a s t  t h r e e  and o n e - h a l f  
m onths  o f  i n c u b a t i o n .
C o n c l u s i v e  e v i d e n c e  o f  t h e  n i t r o g e n  l o s s  was s u g g e s t e d  by c o n s i d e r ­
a b l y  lo w e r  r e c o v e r i e s  o f  l a b e l l e d  n i t r o g e n  tow ard s  t h e  end o f  i n c u b a t i o n .  
Only  42  p e r  c e n t  o f  th e  a p p l i e d  n i t r o g e n  was a c c o u n t e d  f o r ,  b o t h  i n  th e  
i n o r g a n i c  and o r g a n i c  f r a c t i o n s  o f  s o i l  n i t r o g e n ,  i n d i c a t i n g  a n e t  l o s s  
o f  a b o u t  58 p e r  c e n t  o f  t h e  a p p l i e d  n i t r o g e n .  T h i s  I o b s  was i n  a d d i t i o n  
t o  th e  n i t r o g e n  l o s s  from s o i l  o r g a n i c  n i t r o g e n  t h a t  became m i n e r a l i z e d  
d u r i n g  t h e  i n c u b a t i o n  p e r i o d .
F i g u r e  8  I n d i c a t e s  t h a t  t h e  s t r a w  a d d i t i o n  a t  a r a t e  o f  2500  ppm 
c a r b o n  t o  s o i l  t r e a t e d  w i t h  100 ppm NH^+ -N ( T r e a t m e n t  d )  c a u s e d  a v i g o r ­
ou s  n e t  i n m o b i l i z a t i o n  o f  i n o r g a n i c  n i t r o g e n .  A minimum o f  10 ppm i n  
i n o r g a n i c  n i t r o g e n  a p p e a r e d  on t h e  3 0 t h  d a y  o f  i n c u b a t i o n .  T h ere  was  
t h e n  a r a p i d  I n c r e a s e  i n  I n o r g a n i c  n i t r o g e n  i n d i c a t i n g  t h a t  t h e  i n i t i a l
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F i g u r e  8 .  Chan ges  i n  Che g r o s s  and l a b e l l e d  i n o r g a n i c  and  o r g a n i c
n i t r o g e n  u n d e r  w a t e r l o g g e d  and  opt imum m o i s t u r e  c o n d i t i o n s .
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n e t  i m m o b i l i z a t i o n  was  c h a n g e d  i n t o  a r a t h e r  v i g o r o u s  n e t  m i m e r a l i z a t i o n .  
The d a t a  f o r  l a b e l l e d  i n o r g a n i c  n i t r o g e n  t h a t  moved i n t o  t h e  o r g a n i c  
p h a s e  l i k e w i s e  i n d i c a t e  t h a t  th e  maximum i m m o b i l i z a t i o n  a m o u n t in g  t o  
a b o u t  87 p e r  c e n t  o f  a p p l i e d  n i t r o g e n  o c c u r r e d  d u r i n g  t h e  f i r s t  month o f  
i n c u b a t i o n .  T h i s  was  t h e n  f o l l o w e d  by a r a p i d  r e m i n e r a l i z a t i o n  o f  the  
i m m o b i l i z e d  l a b e l l e d  n i t r o g e n .  T h u s ,  i m m e d i a t e l y  a f t e r  maximum im m o b i l ­
i z a t i o n ,  th e  am ounts  o f  l a b e l l e d  n i t r o g e n  p r e s e n t  i n  the i n o r g a n i c  
f r a c t i o n  i n c r e a s e d  a t  a r a t h e r  f a s t  r a t e  d u r i n g  t h e  n e t  m i n e r a l i z a t i o n  
p e r i o d .  T h ese  c o n c l u s i o n s  w e r e  f u r t h e r  s u p p l e m e n t e d  by t h e  d a t a  on  
c h a n g e s  i n  g r o s s  and l a b e l l e d  o r g a n i c  n i t r o g e n .
Under  w a t e r l o g g e d  c o n d i t i o n s  o f  t r e a t m e n t  d ( F i g u r e  8 )  a c o n t i n u o u s  
d e c r e a s e  i n  i n o r g a n i c  n i t r o g e n  o c c u r r e d  w i t h o u t  any  c o r r e s p o n d i n g  i n c r e a s e  
i n  o r g a n i c  f r a c t i o n  i n d i c a t i n g  t h a t ,  e x c e p t  f o r  t h e  i n i t i a l  p e r i o d s ,  
p r o c e s s e s  o t h e r  t h a n  i m m o b i l i z a t i o n  a c c o u n t e d  f o r  t h e  c o n t i n u o u s  rem ova l  
o f  i n o r g a n i c  n i t r o g e n .  T h i s  c o m p l i c a t e d  a t r u e  e v a l u a t i o n  o f  i m m o b i l i -  
z a t i o n - m i n e r a l i z a t i o n  r e l a t i o n s h i p  from t h e  d a ta  o n  i n o r g a n i c  n i t r o g e n .  
However from t h e  t r a c e r  n i t r o g e n  t h a t  moved i n t o  t h e  o r g a n i c  f r a c t i o n  
i t  was c a l c u l a t e d  t h a t  a v i g o r o u s  n e t  i m m o b i l i z a t i o n  e q u i v a l e n t  t o  a b o u t  
54 ppm N o c c u r r e d  u nder  w a t e r l o g g e d  c o n d i t i o n s .  N e v e r t h e l e s s ,  h i g h  
l e v e l s  o f  i m m o b i l i z a t i o n  e n c o u n t e r e d  i n  t h e  c o r r e s p o n d i n g  opt imum  
m o i s t u r e  t r e a t m e n t  w e r e  n e v e r  r e a c h e d .  A l s o  i t  was  shown t h a t  l i t t l e  
m i n e r a l i z a t i o n  o f  t h e  i m m o b i l i z e d  l a b e l l e d  n i t r o g e n  o c c u r r e d  d u r i n g  th e  
w a t e r l o g g e d  n e t  m i n e r a l l z a t i o n  p e r i o d .
The b i o l o g i c a l  n i t r o g e n  t u r n o v e r  i n  t r e a t m e n t  d ( a d d i t i o n  o f  100  
ppm NH^+ -N +  2 5 0 0  ppm c a r b o n )  was a l s o  s t u d i e d  u n der  c o m p l e t e l y  a n a e r ­
o b i c  c o n d i t i o n s  ( a i r  r e p l a c e d  w i t h  a r g o n ) .  F i g u r e  9 I l l u s t r a t e s  c h a n g e s  
i n  i n o r g a n i c  and o r g a n i c  n i t r o g e n  under  opt imum m o i s t u r e - a n a e r o b i c  
(opt imum m o i s t u r e ,  a i r  r e p l a c e d  w i t h  a r g o n ) ,  and w a t e r l o g g e d - a n a e r o b i c
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F i g u r e  9 .  Chan ges  I n  t h e  g r o s s  a n d  l a b e l l a d  I n o r g a n i c  a n d  o r g a n i c
n i t r o g e n  u n d e r  w a t e r l o g g e d - a n a e r o b i c  and  op t imu m m o i s t u r e -
a n a e r o b i c  c o n d i t i o n s .
( w a t e r l o g g e d ,  a i r  r e p l a c e d  w i t h  a r g o n )  c o n d i t i o n s .  The c u r v e s  r e p r e s e n t ­
i n g  n i t r o g e n  c h a n g e  u n der  t h e  two a n a e r o b i c  m o i s t u r e  r e g i m e s  a r e  s o  c l o s e  
t o  e a c h  o t h e r  b o t h  q u a l i t a t i v e l y  and q u a n t i t a t i v e l y  t h a t  h a r d l y  any  
d i f f e r e n c e  b e t w e e n  t h e  two c a n  be n o t i c e d .  I n  o t h e r  w o r d s ,  t h e  r e s u l t s  
show t h a t  under  a n a e r o b i c  c o n d i t i o n s  w a t e r l o g g i n g  p e r  s e  h a s  no e f f e c t  
on t h e  n i t r o g e n  t r a n s f o r m a t i o n s  i n  s o i l .  R e g a r d in g  i m m o b i l i z a t i o n -  
m i n e r a l i z a t i o n  r e a c t i o n s  under  a n a e r o b i c  c o n d i t i o n s ,  F i g u r e  9 shows t h a t  
i n s n o b i l i z a t i o n  p r o c e e d e d  a t  a f a i r l y  r a p i d  r a t e .  H ow ever ,  t h e  h i g h  
i m m o b i l i c a t i o n  v a l u e s  o f  i t s  c o u n t e r p a r t  a e r o b i c  s y s t e m  ( F i g u r e  8 ,  o p ­
timum m o i s t u r e )  were  n e v e r  r e a c h e d  i n d i c a t i n g  t h a t  b o t h  t h e  r a t e  and  
m a g n i t u d e  o f  n e t  i m m o b i l i z a t i o n  w ere  r e d u c e d  by t h e  a n a e r o b i c  c o n d i t i o n s .  
About e i g h t  d a y s  a f t e r  i n c u b a t i o n  t h e  n e t  i m m o b i l i z a t i o n  ch an ged  t o  n e t  
m i n e r a l i z a t i o n .  From t h e r e  o n ,  t h e  l a t t e r  c o n t i n u e d  a t  a much f a s t e r  
r a t e .  I t  i s  I m p o r t a n t  to  n o t e  t h a t ,  u n l i k e  i m m o b i l i z a t i o n ,  t h e  n e t  
m i n e r a l i z a t i o n  p r o c e e d e d  a t  a h i g h e r  r a t e  under a n a e r o b i c  than  under  
a e r o b i c  c o n d i t i o n s  ( F i g u r e  8 and F i g u r e  9 ) .  T h i s  o b s e r v a t i o n  I s  i n  c l o s e  
a c c o r d a n c e  w i t h  t h e  f i n d i n g s  o f  A charya  ( 1 9 3 5 c ) j a n d  Tenny and Waksman 
( 1 9 4 0 ) .  T r a c e r  d a t a  f o r  t h e  l a b e l l e d  n i t r o g e n  i n  t h e  i n o r g a n i c  p h a s e  
r e v e a l  t h a t  a f t e r  t h e  maximum I m m o b i l i z a t i o n  s t a g e  t h e  amounts  o f  
l a b e l l e d  n i t r o g e n  i n  t h e  I n o r g a n i c  s t a t e  p r a c t i c a l l y  d i d  n o t  I n c r e a s e  
d u r i n g  t h e  n e t  m i n e r a l i z a t i o n  p e r i o d  o f  t h e  e x p e r i m e n t .
A n o t h e r  I m p o r t a n t  f e a t u r e  o f  n i t r o g e n  t r a n s f o r m a t i o n  u n d e r  a n a e r ­
o b i c  c o n d i t i o n s  i s  t h a t  t h e r e  was no l o s s  o f  n i t r o g e n  from t h e  s y s t e m  
a s  was e a r l i e r  n o t e d  under c o m p a r a b le  w a t e r l o g g e d  t r e a t m e n t .  T h i s ,  in  
t u r n ,  I n d i c a t e s  t h a t  th e  l o s s  o f  n i t r o g e n  e n c o u n t e r e d  u n d e r  w a t e r ­
l o g g e d  c o n d i t i o n s  may be due t o  th e  p a r t i a l l y  a e r o b i c  n a t u r e  o f  w a t e r ­
l o g g e d  s y s t e m s  '  w h i c h  t h e  i n t e r f a c i a l  a r e a  i s  o x i d i z e d  and l e a d s  to  
t h e  b i o l o g i c a l  o x i d a t i o n  o f  NH^+ t o  NOj . The l a t t e r  i n  t u r n  may
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d i f f u s e  i n t o  th e  u n d e r l y i n g  a n a e r o b i c  zon e  and undergo  d e n i t r i f i c a t i o n .  
The d e t a i l s  o f  t h i s  mechanism a r e  d i s c u s s e d  l a t e r  i n  t h i s  r e p o r t .
F i g u r e  10 Bhows t h a t  when the  a d d i t i o n  o f  r i c e  s traw  t o  s o i l  t r e a t e d  
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w i t h  100 ppm NH  ̂ -N was I n c r e a s e d  to  a b o u t  4 0 0 0  ppm ca r b o n  (T r e a tm e n t  e ) , 
a v i g o r o u s  n e t  I m m o b i l i z a t i o n  o c c u r r e d  under optimum m o i s t u r e  c o n d i t i o n s .  
The maximum in  n e t  i m m o b i l i z a t i o n  was marked by the  c o m p le t e  a b s e n c e  o f  
n i t r o g e n  i n  t h e  I n o r g a n i c  p h a s e  on  the  t h i r t i e t h  day  o f  i n c u b a t i o n .  Then 
t h e r e  was r a p i d  i n c r e a s e  i n  i n o r g a n i c  n i t r o g e n  show ing  t h a t  I n i t i a l  n e t  
i m m o b i l i z a t i o n  was changed  i n t o  a r a t h e r  v i g o r o u s  n e t  m i n e r a l i z a t i o n .
The amount o f  l a b e l l e d  n i t r o g e n  found in  th e  i n o r g a n i c  s t a t e  was a l s o  
i n c r e a s e d  d u r i n g  th e  n e t  m i n e r a l i z a t i o n  p e r i o d  o f  th e  e x p e r i m e n t  a t  ab o u t  
t h e  same r a t e  a s  u n l a b e l l e d  i n o r g a n i c  n i t r o g e n  ( F i g u r e  1 0 ) .  Q u a n t i t a t i v e ­
l y ,  t h e  n e t  m i n e r a l i z a t i o n  a c c o u n t e d  f o r  a b o u t  81 ppm o f  i n o r g a n i c  
n i t r o g e n  o f  w hich  a b o u t  37 ppm was c o n t r i b u t e d  by th e  r e c e n t l y  
i m m o b i l i z e d  l a b e l l e d  i n o r g a n i c  n i t r o g e n .  T h i s  i m m o b i l i z a t i o n - m i n e r a l i -  
z a t i o n  r e l a t i o n s h i p  a l s o  c o r r o b o r a t e s  w i t h  the  c h a n g e s  i n  g r o s s  and l a ­
b e l l e d  o r g a n i c  n i t r o g e n .  The n e t  i m m o b i l i z a t i o n  o f  n i t r o g e n  c o r r e s p o n d s  
t o  an I n c r e a s e  i n  g r o s s  o r g a n i c  f r a c t i o n  and s i m i l a r l y  n e t  m i n e r a l i z a t i o n  
i s  n o t e d  by a d e c r e a s e  i n  the o r g a n i c  f r a c t i o n .  The d e c r e a s e  in  l a b e l l e d  
o r g a n i c  n i t r o g e n  ( s h a d e d  a r e a )  d e n o t e s  h i g h  r e m i n e r a l i z a t i o n  r a t e  o f  the  
i m m o b i l i z e d  l a b e l l e d  n i t r o g e n .
F i g u r e  10 a l s o  I l l u s t r a t e d  t h e  i n t e r c h a n g e  b e tw e e n  i n o r g a n i c  and 
o r g a n i c  n i t r o g e n  under w a t e r l o g g e d  c o n d i t i o n s .  I t  was shown t h a t  th e  
a d d i t i o n  o f  4 0 0 0  ppm o f  c a r b o n  c a u s e d  a much more v i g o r o u s  n e t  I m m o b i l i ­
z a t i o n  th a n  was e a r l i e r  o b s e r v e d  a t  lo w er  l e v e l s  o f  s t r a w  a d d i t i o n .  
However,  t h e  h i g h  i m m o b i l i z a t i o n  r a t e  o f  a com parab le  optimum m o i s t u r e  
t r e a t m e n t  ( F i g u r e  10) was n e v e r  r e a c h e d .  T r a c e r  d a t a ,  on t h e  I n o r g a n i c  
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F i g u r e  1 0 .  C h a n g e a  I n  t h e  g r o a s  a nd  l a b e l l e d  I n o r g a n i c  a n d  o r g a n i c
n i t r o g e n  u n d e r  w a t e r  l o g g e d  a n d  op t im um  m o l a t u r e  c o n d i t i o n s .
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p e r  c e n t  o f  t h e  a p p l i e d  NH^+ -N was I m m o b i l i z e d  d u r i n g  t h e  f i r s t  t h i r t y
d a y s  o f  I n c u b a t i o n .  A f t e r  t h i s ,  l i t t l e  o r  no f u r t h e r  n e t  i m m o b i l i z a t i o n
o c c u r r e d ,  a l t h o u g h  a c o n t i n u o u s  r e m o v a l  o f  n i t r o g e n  from t h e  i n o r g a n i c  
p h a s e  was  c o n s t a n t l y  n o t e d .  The l a t t e r  may h a v e  b e e n  due t o  a  n e t  l o s s  
o f  n i t r o g e n  from t h e  s y s t e m  a s  was e a r l i e r  n o t e d  f o r  t h e  w a t e r l o g g e d
t r e a t m e n t s .  No d i r e c t  e v i d e n c e  o f  n e t  m i n e r a l i z a t i o n  was n o t e d  from t h e
i n o r g a n i c  p h a s e ;  h o w e v e r ,  t h e  c o n t i n u o u s  d e c r e a s e  i n  g r o s s  o r g a n i c  n i t r o ­
gen d i d  I n d i c a t e  t h a t  i m m e d i a t e l y  a f t e r  maximum I m m o b i l i z a t i o n ,  n e t  
m i n e r a l i z a t i o n  d o m in a t e d  a t  a r a t h e r  f a s t  r a t e  d u r i n g  t h e  r e s t  o f  t h e  
i n c u b a t i o n  p e r i o d .
F i n a l l y ,  t h e  m o s t  I m p o r t a n t  f i n d i n g s  o f  t h i s  i n v e s t i g a t i o n  may be 
s t r e s s e d .  The amount o f  n i t r o g e n  i m m o b i l i z e d  i n  th e  s o i l  t o  w h i c h  no  
o r g a n i c  m a t t e r  was added was s m a l l .  A d d i t i o n  o f  s t r a w  g r e a t l y  s t i m u ­
l a t e d  t h e  i m m o b i l i z a t i o n  o f  i n o r g a n i c  n i t r o g e n .  The r a t e  o f  i m m o b i l i z a ­
t i o n  I n c r e a s e d  p r o g r e s s i v e l y  a s  t h e  amount o f  added  s t r a w  I n c r e a s e d .  
R e g a r d i n g  th e  e f f e c t  o f  m o i s t u r e  t r e a t m e n t ,  t h e  t r a c e r  d a t a  on  t h e  i n t e r ­
ch a n g e  o f  l a b e l l e d  n i t r o g e n  b e t w e e n  i n o r g a n i c  and o r g a n i c  n i t r o g e n  
i n d i c a t e  t h a t  w h i l e  n e t  i m m o b i l i z a t i o n  p r o c e e d e d  much more v i g o r o u s l y  
u nder  a e r o b i c  t h a n  u n der  a n a e r o b i c  c o n d i t i o n s  n e t  m i n e r a l i z a t i o n  t e n d e d  
t o  d o m i n a t e  u n d e r  a n a e r o b i c  c o n d i t i o n s .  T h i s  was a t t r i b u t e d  t o  t h e  low  
n i t r o g e n  r e q u i r e m e n t s  o f  a n a e r o b i c  m e t a b o l i s m  a s s o c i a t e d  w i t h  th e  
r e s t r i c t e d  m i c r o f l o r a  under  a n a e r o b i c  c o n d i t i o n s .  The lo w e r  s y n t h e s i z ­
i n g  power o f  s u c h  a f l o r a  a c c o u n t s  f o r  t h e  h i g h e r  n e t  m i n e r a l i z a t i o n  and 
l o w e r  n e t  I m m o b i l i z a t i o n  v a l u e s  r e g i s t e r e d  f o r  a n a e r o b i c  s y s t e m s .  Large  
l o s s e a  o f  a p p l i e d  and n a t i v e  n i t r o g e n  w ere  i n d i c a t e d  i n  a w a t e r l o g g e d  
s o i l  s y s t e m  i n  c o n t r a s t  t o  p r a c t i c a l l y  no l o s s  under opt imum m o i s t u r e  
and c o m p l e t e l y  a n a e r o b i c  c o n d i t i o n s .  C o n s e q u e n t l y ,  a p r e c i s e  e s t i m a t e  
o f  n i t r o g e n  m i n e r a l i z a t i o n  was  s e r i o u s l y  im p a i r e d  u n der  w a t e r l o g g e d
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c o n d i t i o n s .  How ever ,  th e  d a t a  f o r  o r g a n i c  n i t r o g e n  d i d  I n d i c a t e  t h a t  
m i n e r a l i z a t i o n  v a l u e s  o f  a b o u t  t h e  same o r  s l i g h t l y  lo w e r  m a g n i t u d e  a s  
under opt imum m o i s t u r e  c o n d i t i o n s  w ere  o b t a i n e d .
I n  a d d i t i o n ,  t h e  t r a c e r  d a t a  p r o v i d e d  an  e s t i m a t e  o f  a p p a r e n t  prim­
i n g  e f f e c t ,  and i t s  c r i t i c a l  e v a l u a t i o n  i n  term s  o f  th e  i m m o b i l i z a t i o n -  
m i n e r a l i z a t i o n  r e l a t i o n s h i p .
2.  R e m i n e r a l i z a t i o n  o f  I m m o b i l i z e d  L a b e l l e d  N i t r o g e n
In t h e  f o r e g o i n g  d i s c u s s i o n  o f  t h e  n i t r o g e n  i m m o b i l i z a t i o n - m i n e r a l i ­
z a t i o n  r e l a t i o n s h i p ,  r e f e r e n c e  was made t o  r e m i n e r a l i z a t i o n  o f  i m m o b i l i z e d  
l a b e l l e d  n i t r o g e n .  More d i s c u s s i o n  i s  n e e d e d  o n  t h e  r a t e  and e x t e n t  o f  
r e m i n e r a l i z a t i o n  u n der  v a r i o u s  c o n d i t i o n s  o f  m o i s t u r e ,  and add ed  carbon  and  
n i t r o g e n .  A summary o f  t h e  d a t a  s h o w i n g  maximum i m m o b i l i z a t i o n  o f  a p ­
p l i e d  n i t r o g e n  and t h e  r e m i n e r a l i z a t i o n  o f  i m m o b i l i z e d  l a b e l l e d  n i t r o g e n  
i s  g i v e n  i n  T a b l e  1 .
At  t h e  t u r n i n g  p o i n t ,  t h a t  i s ,  a t  t h e  s t a g e  when t h e  i n i t i a l  n e t  
i m m o b i l i z a t i o n  o f  i n o r g a n i c  n i t r o g e n  was ch an ged  i n t o  n e t  m i n e r a l i z a t i o n ,  
t h e  r e m i n e r a l i z a t i o n  o f  i m m o b i l i z e d  l a b e l l e d  n i t r o g e n  o c c u r r e d  a t  a 
r a t h e r  r a p i d  r a t e  b u t  s lo w e d  down c o n s i d e r a b l y  a s  t h e  i n c u b a t i o n  p e r i o d  
p r o c e e d e d .  C o n s e q u e n t l y ,  l i t t l e  o r  no r e m l n e r a i i z a t i o n  o c c u r r e d  towards  
t h e  end  o f  i n c u b a t i o n  p e r i o d .  R e g a r d i n g  t h e  e f f e c t  o f  m o i s t u r e  and 
a e r a t i o n  t r e a t m e n t ,  t h e  r e m l n e r a i i z a t i o n  r a t e  was m o s t  r a p i d  under  o p t i ­
mum m o i s t u r e ,  and l e a s t  p r o n o u n c e d  under  a n a e r o b i c  c o n d i t i o n s .  The 
w a t e r l o g g e d  t r e a t m e n t  was i n t e r m e d i a t e  b e t w e e n  t h e  t w o .  I t  I s  im p o r t ­
a n t  t o  n o t e  In  c a s e  o f  t r e a t m e n t  d ( 1 0 0  ppm NH^+ -N +  2 5 0 0  ppm C) t h a t  
u n l i k e  n e t  m i n e r a l i z a t i o n ,  t h e  r a t e  o f  r e m l n e r a i i z a t i o n  o f  i m n o b l l i z e d  
l a b e l l e d  n i t r o g e n  was  more r a p i d  under optimum m o i s t u r e  th a n  under  
w a t e r l o g g e d  o r  a n a e r o b i c  c o n d i t i o n s .  I t  may be r e c a l l e d  t h a t  t h e  r e ­
v e r s e  waa t r u e  i n  t h e  c a s e  o f  m i n e r a l i z a t i o n .  The d i f f e r e n c e  i n  the
Table 1 .  R e m ln e r a i i z a t i o n  o f  im mobil ized  l a b e l l e d  n i t r o g e n
_________ L a b e l l e d  Organic N_______
Treatrae .. M oistu re  At Maximum At End o f  Net Per Cent
Im m o b i l i z a t io n  I n c u b a t io n  R e m in e r a l i z a t i o n  R e m i n e r a l i z a t i o n
___________________________________________ Stage
____________________________PI™ ~ N_____________________________
100 ppm N Optimum
M ois tu re
2 5 ,6 11 .9 13 .7 5 3 .5
Waterlogged 35 .1 2 0 .4 14 .7 4 1 . 9





4 2 ,1 2 2 .9 1 9 .2 4 5 . 6
Waterlogged 4 7 . 5 32 .8 14.7 3 0 .9





8 6 .9 5 4 .3 32 .6 3 7 .5
Waterlogged 53.6 4 6 . 4 7 . 2 13 .4
Anaerobic 5 8 .1 57.1 1 . 0 1 .7





92.7 6 2 .0 30 .7 3 3 .1
Waterlogged 57,7 5 5 .9 1 . 8 3 .1
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r a t e  and m a g n i t u d e  o f  r e m l n e r a i i z a t i o n  under  optimum m o i s t u r e  and w a t e r ­
l o g g e d  c o n d i t i o n s  w i d e n e d  a s  t h e  r a t i o  b e t w e e n  ad d ed  c a r b o n  and n i t r o g e n  
I n c r e a s e d .  T r a c e r  d a t a  on t h e  movement o f  l a b e l l e d  n i t r o g e n  i n t o  and  
o u t  o f  t h e  o r g a n i c  f r a c t i o n  g i v e  a q u a n t i t a t i v e  i n d i c a t i o n  o f  r e m i n e r a l ­
i z a t i o n  o f  i m m o b i l i z e d  l a b e l l e d  n i t r o g e n  under v a r i o u s  e x p e r i m e n t a l  
c o n d i t i o n s .  I n  t h e  c a s e  o f  a s o i l  w i t h  100  ppm ad d ed  n i t r o g e n  b u t  no  
s t r a w  a d d i t i o n ,  a b o u t  1 3 . 7  ppm o f  t h e  t o t a l  i m m o b i l i z e d  l a b e l l e d  n i t r o ­
g e n  was r e m i n e r a l i z e d  . i t  t h e  end o f  i n c u b a t i o n  u n d e r  opt imum m o i s t u r e  
c o n d i t i o n s  w h i l e  t h e  c o r r e s p o n d i n g  r e m l n e r a i i z a t i o n  f i g u r e  f o r  w a t e r ­
l o g g e d  t r e a t m e n t  was a b o u t  1 4 . 7  ppm. When r i c e  s t r a w  e q u i v a l e n t  t o  
1000  ppm c a r b o n  was added t o  a s o i l  w i t h  100 ppm added N, t h e  r e m i n e r a l ­
i z a t i o n  f i g u r e s  under  optimum m o i s t u r e  and w a t e r l o g g e d  t r e a t m e n t s  amounted  
t o  a b o u t  1 9 . 2  and 1 4 . 7  ppm, r e p e c t i v e l y .  A d d i t i o n  o f  2500 ppm c a r b o n  
bo s o i l  w i t h  100 ppm added N r e s u l t e d  i n  t h e  r e m l n e r a i i z a t i o n  o f  im ­
m o b i l i z e d  l a b e l l e d  n i t r o g e n  e q u i v a l e n t  t o  a b o u t  3 2 . 6 ,  7 . 2 ,  and 1 . 0  ppm 
under  optimum m o i s t u r e ,  w a t e r l o g g e d  and c o m p l e t e l y  a n a e r o b i c  c o n d i t i o n s ,  
r e s p e c t i v e l y .  When th e  a d d i t i o n  o f  r i c e  s t r a w  t o  a s o i l  w i t h  100 ppm 
added N, was i n c r e a s e d  t o  a b o u t  4 0 0 0  ppm c a r b o n  t h e  r e m l n e r a i i z a t i o n  
amounted  t o  a b o u t  3 0 , 7  ppm under  optimum m o i s t u r e  c o n d i t i o n s  w h i l e  
l i t t l e  o r  no r e m l n e r a i i z a t i o n  ( 1 . 8  ppm ) was o b s e r v e d  under  w a t e r l o g g e d  
c o n d i t i o n s .
I t  may be n o t e d  from th e  f o r e g o i n g  d i s c u s s i o n  t h a t  t h e  i n c r e m e n t a l  
a d d i t i o n  o f  r i c e  s t r a w  t o  s o i l  w i t h  100 ppm added  N i n c r e a s e d  t h e  r e m ln -  
e r a l i z a t i o n  o f  i m m o b i l i z e d  l a b e l l e d  n i t r o g e n  i n  a b s o l u t e  t e r m s ,  b u t  
d e c r e a s e d  when e x p r e s s e d  i n  t e r m s  o f  p e r c e n t a g e  o f  i m m o b i l i z e d  n i t r o g e n  
t h a t  was r e m i n e r a l i z e d  ( T a b l e  1 ) .  The I n c r e a s e  i n  n e t  r e m l n e r a i i z a t i o n  
on a d d i t i o n  o f  s t r a w  may be due  t o  e n h a n c e d  b i o l o g i c a l  a c t i v i t i e s  w h ic h  
in  tu r n  c a u s e d  an  i n c r e a s e d  n i t r o g e n  t u r n o v e r .  The d a t a  on t h e
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r e m l n e r a i i z a t i o n  o f  i m m o b i l i z e d  l a b e l l e d  n i t r o g e n  I n d i c a t e  t h a t  n i t r o g e n ,  
i m m o b i l i z e d  d u r i n g  i n c u b a t i o n  w i t h  s t r a w ,  d o e s  n o t  become a homogenous  
m i x t u r e  w i t h  s o i l  o r g a n i c  m a t t e r  and t h a t  th e  d u r a t i o n  and a c t i v e  l i f e  
o f  n e w ly  s y n t h e s i z e d  t i s s u e  i s  s h o r t .  E a r l i e r ,  J a n s s o n  ( 1 9 5 8 )  and 
S t e w a r t  o t  a_l. ( 1 9 6 3 )  p r o v i d e d  e v i d e n c e  t o  t h e s e  e f f e c t s .
The lo w e r  v a l u e s  o f  n i t r o g e n  r e m i n e r a l i z a t i o n  under  w a t e r l o g g e d ,  
a s  compared t o  optimum m o i s t u r e  c o n d i t i o n s  a r e  p e r h a p s  due t o  r e t a r d e d  
m i c r o b i a l  a c t i v i t y .  S i n c e  a more r e s t r i c t e d  and l e s s  e f f i c i e n t  b a c t e r i a l  
f l o r a  i s  I n v o l v e d  under w a t e r l o g g e d  c o n d i t i o n s  b o t h  m i n e r a l i z a t i o n  and  
s y n t h e s i s  a r e  c o n s i d e r a b l y  r e t a r d e d .  The e f f e c t  o f  m i c r o f l o r a  on  th e  
n i t r o g e n  r e m i n e r a l i z a t i o n  was more marked under c o m p l e t e l y  a n a e r o b i c  
th an  under  w a t e r l o g g e d  c o n d i t i o n s .
I t  i s  i m p o r t a n t  to  n o t e  t h a t  t h e  v a l u e s  o f  n e t  r e m l n e r a i i z a t i o n  
r e p o r t e d  i n  t h i s  s t u d y  a r e  g e n e r a l l y  h i g h e r  th an  t h o s e  r e p o r t e d  by 
e a r l i e r  w o r k e r s .  B r o a d b e n t  and T y l e r  ( 1 9 5 7 ,  1 962 )  and B ro a d b en t  and  
Nakashima ( 1 9 6 5 )  r e p o r t e d  t h a t  i m m o b i l i z e d  n i t r o g e n  r e s i s t s  m i n e r a l i z a ­
t i o n  f o r  r a t h e r  l o n g  p e r i o d s  o f  t i m e .  J a n s s o n  ( 1 9 6 3 )  n o t e d  t h a t  t h e  n e t  
m i n e r a l i z a t i o n  o f  b i o l o g i c a l l y  i m m o b i l i z e d  n i t r o g e n  amounted t o  a b o u t  
3 . 0  t o  4 . 7  p e r  c e n t  p e r  y e a r ,  B r o a d b e n t  and T y l e r  ( 1 9 5 8 )  a t t r i b u t e d  
t h e  low r e c o v e r i e s  o f  i m m o b i l i z e d  n i t r o g e n  t o  t h e  f o r m a t i o n  o f  n i t r o ­
g e n o u s  compounds o f  g r e a t e r  b i o l o g i c a l  s t a b i l i t y .  Bremner ( 1 9 5 5 )  l i k e ­
w i s e  r e p o r t e d  t h a t  much o f  the  o r g a n i c a l l y  s y n t h e s i z e d  n i t r o g e n  was  
v e r y  r e s i s t a n t  t o  s u b s e q u e n t  d e c o m p o s i t i o n .  He found t h a t  m o s t  o f  t h i s  
was p r e s e n t  i n  th e  form o f  p r o t e i n ,  and a s m a l l e r  f r a c t i o n  was p r e s e n t  
a s  amino s u g a r s .
3 .  A b s o l u t e  V a l u e s  o f  M i n e r a l i z a t i o n  and I m m o b i l i z a t i o n
The p r e c e d i n g  d i s c u s s i o n  o n  n i t r o g e n  i m m o b i l l z a t i o n - m l n e r a l l z a t l o n  
r e l a t i o n s h i p  was p r i m a r i l y  b a s e d  on  n e t  m i n e r a l i z a t i o n  and n e t
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i m m o b l l i z a t i o n  i n  t h e  b i o l o g i c a l  s y s t e m .  The n e t  c h a n g e s  w ere  
m e a s u r e d  by f o l l o w i n g  t h e  a p p e a r a n c e  and d i s a p p e a r a n c e  o f  l a b e l l e d  n i t r o ­
g e n  i n  t h e  i n o r g a n i c  n i t r o g e n  p o o l .  H ow ever ,  i t  may be o f  i n t e r e s t  t o  
c o n s i d e r  the  a b s o l u t e  t u r n o v e r  r a t e s  when two o p p o s i n g  p r o c e s s e s  a r e  
p r o c e e d i n g  s i m u l t a n e o u s l y ,  a s  i n  the  c a s e  o f  m i n e r a l i z a t i o n  and im m o b i l ­
i z a t i o n .  In  t h e  t r a c e r  s y s t e m  o f  t h e  k in d  em p loyed  in  t h i s  s t u d y ,  
c a l c u l a t i o n  o f  th e  a b s o l u t e  r a t e  and m a g n i t u d e  o f  m i n e r a l i z a t i o n  and 
i m m o b i l i z a t i o n  can be made by u s i n g  th e  e q u a t i o n s  o f  Kirkham and  
B a rth o lo m ew  ( 1 9 3 5 )  p r o v i d e d  t h e  b a s i c  a s s u m p t i o n s  u s e d  in  d e r i v i n g  the  
e q u a t i o n s  a r e  v a l i d  f o r  t h e  s y s t e m  under  s t u d y .  T h e s e  a u t h o r s  s t u d i e d  
two p o s s i b l e  i n t e g r a t i o n  p o s t u l a t e s  o f  th e  f o l l o w i n g  b a s i c  d i f f e r e n t i a l  
e q u a t i o n s .
4 *  -  m- i ,
d t
and i X  -  . m - 2  . i
d t  a - x x
w h e re  x ■ t o t a l  i n o r g a n i c  ( e x t r a c t a b l e )  N 
t  *  t im e
m -  m i n e r a l i z a t i o n  r a t e  
1  “ i m m o b i l i z a t i o n  r a t e  
y -  l a b e l l e d  i n o r g a n i c  N 
a * t o t a l  N i n  s y s t e m  
b » t o t a l  l a b e l l e d  N
In p e r f o r m i n g  t h e  i n t e g r a t i o n  o f  t h e s e  e q u a t i o n s ,  Kirkham and Bartho lom ew  
c o n s i d e r e d  two c a s e s .  In  c a s e  I ,  i  and m a r e  c o n s i d e r e d  t o  be c o n s t a n t s  
d u r i n g  t h e  t im e  I n t e r v a l s  s t u d i e d .  I n  c a s e  I I  t h e y  a r e  c o n s i d e r e d  p r o ­
p o r t i o n a l  t o  x and y ,  r e s p e c t i v e l y .  F u r t h e r ,  c a s e  I  i s  a p p l i c a b l e  i f  
a p l o t  o f  i n o r g a n i c  n i t r o g e n  a g a i n s t  t im e  i s  l i n e a r .  C ase  I I  h o l d s  i f  
a p l o t  o f  I n o r g a n i c  n i t r o g e n  v e r s u s  l a b e l l e d  I n o r g a n i c  n i t r o g e n  y i e l d s  a 
s t r a i g h t  l i n e .  An i n s p e c t i o n  o f  t h e  d a t a  I n  F i g u r e s  3 and 7 - 1 0  (optimum  
m o i s t u r e )  i n d i c a t e s  t h a t  th e  p l o t  o f  i n o r g a n i c  n i t r o g e n  v e r s u s  t i m e  d o e s  
n o t  form a s t r a i g h t  l i n e  a f t e r - t h e  e n t i r e  i n c u b a t i o n  p e r i o d  ( 0 - 1 2 0  d a y s ) ;
h o w e v e r ,  s e v e r a l  s e g m e n ts  o f  t h e  curve  r e p r e s e n t i n g  s h o r t  t im e  I n t e r v a l s  
a r e  p erh ap s  s u f f i c i e n t l y  l i n e a r  f o r  the e q u a t i o n  t o  be v a l i d .  M i n e r a l i ­
z a t i o n  and I m m o b i l i z a t i o n  r a t e s  w e r e ,  t h e r e f o r e ,  c a l c u l a t e d  a c c o r d i n g  t o  
th e  e q u a t i o n  d e r i v e d  from t h e  c a s e  I  p o s t u l a t e .
T a b le s  2 - 3  g i v e s  v a l u e s  o f  m and i  f o r  v a r i o u s  t r e a t m e n t  com bina­
t i o n s .  R a te s  o f  n i t r o g e n  i n t e r c h a n g e  w ere  much h i g h e r  d u r i n g  th e  f i r s t  
f i f t e e n  days  than d u r i n g  the l a t e r  p a r t  o f  the  i n c u b a t i o n  p e r i o d  when 
m i c r o b i a l  a c t i v i t y  had s u f f i c i e n t l y  s u b s i d e d .  T h i s  was t r u e  under a l l  
c o m b i n a t i o n s  o f  added carb on  and n i t r o g e n .  In  the  a b s e n c e  o f  s t r a w  
(T r e a tm e n t  b) m i n e r a l i z a t i o n  d om inated  e x c e p t  f o r  th e  i n i t i a l  e i g h t  d ays  
b u t  the i m m o b i l i z a t i o n  r a t e  was f a r  from n e g l i g i b l e  i n d i c a t i n g  t h a t  t h e  
two o p p o s i n g  p r o c e s s e s  were  p r o c e e d i n g  s i m u l t a n e o u s l y .  C a l c u l a t i o n s  
f o r  t h e  e n t i r e  i n c u b a t i o n  p e r i o d  ( 0 - 1 2 0  d a y s )  i n d i c a t e  a s t r o n g  p r e ­
v a l e n c e  o f  m i n e r a l i z a t i o n .  I m m o b i l i z a t i o n  c o m p r is e d  a b o u t  41  per  c e n t  
o f  the  m i n e r a l i z a t i o n .  The c a l c u l a t i o n s  were  r e a s o n a b l y  a c c u r a t e  f o r  
most p a r t  o f  th e  d a t a ,  however  c e r t a i n  d i s c r e p e n c i e s  were  n o t i c e d .  As 
f o r  ex a m p le ,  a t  t im e  i n t e r v a l  9 0 - 1 2 0  d a y s ,  c a l c u l a t i o n s  f o r  a b s o l u t e  
v a l u e s  showed a predom inance  o f  i m m o b i l i z a t i o n  o v e r  m i n e r a l i z a t i o n ,  in  
c a s e  o f  100 ppm added N, w h i l e  in  r e a l i t y  m i n e r a l i z a t i o n  was p r e v a l e n t .  
S i m i l a r l y ,  n e g a t i v e  v a lu eB  r e g i s t e r e d  i n  some c a s e s  a r e  m e a n i n g l e s s .
When s t r a w  was added  i n m t o b i l i z a t i o n  o f  ammonium n i t r o g e n  was g r e a t ­
l y  s t i m u l a t e d ,  b e i n g  ab ou t  3 t o  6  t im e s  the  n o n - s t r a w  t r e a t m e n t .  The 
I n c r e a s e  in  i m m o b i l i z a t i o n  was a l m o s t  p r o p o r t i o n a l  t o  th e  amount o f
m
x - x oi  = m
t
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T a b l e  2 .  R a t e s  o f  n i t r o g e n  m i n e r a l i z a t i o n  and i m m o b i l i z a t i o n  c a l c u l a t e d  
from e q u a t i o n s  o f  Kirkham and B ar th o lom ew  ( 1 9 5 5 )  under  opt imum  
m o i s t u r e  c o n d i t i o n s .
T r e a t m e n t  Time M i n e r a l i z a t i o n  In tnob i l  i z a t i o n
( d a y s )  r a t e ( p p m / d a y )  r a t e ( p p m / d a y )
100 ppm N
100 ppm N +  
1000  ppm C
100 ppm N +  
4 0 0 0  ppm C
0 - 4 2 . 9 3 7 . 2 9
4 - 8 0 . 9 3 1 . 2 0
8 - 15 0 . 2 3 - 1 . 6 4
15 - 30 1 . 0 0 0 . 0 5
30 - 45 0 . 0 8 - 0 . 4 2
45 - 60 0 . 5 6 0 . 4 3
60 - 90 0 . 2 9 - 0 . 3 1
90 - 1 2 0 0 . 1 2 0 . 1 5
0 - 1 2 0 0 . 4 6 0 . 1 9
0 * 4 2 . 8 9 8 . 9 7
4 - 8 - 0 . 7 0 3 . 8 4
8 - 15 3 . 7 9 2 . 2 9
15 - 30 - 1 . 1 1 - 2 . 2 0
30 - 45 0 . 6 2 0 . 2 0
45 - 60 0 . 6 6 - 0 . 3 0
60 - 90 0 . 0 5 - 0 . 3 1
90 - 1 2 0 0 . 1 4 0 . 0 3
0 - 1 2 0 0 . 4 6 0 . 3 0
0 4 2 . 5 1 1 3 . 4 0
4 - 8 1 . 2 9 7 . 2 6
8 - 15 3 . 3 0 7 . 8 8
15 - 30 0 . 0 0 0 . 0 0
30 - 45 0 . 0 0 0 . 0 0
45 - 90 0 . 0 0 - 1 . 2 8
90 - 1 2 0 0 . 3 1 - 7 . 2 0
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T a b l e  3 .  R a t e s  o f  n i t r o g e n  m i n e r a l i z a t i o n  and i m m o b i l i z a t i o n  c a l c u l a t e d  
from th e  e q u a t i o n s  o f  Kirkham and B ar th o lom ew  ( 1 9 5 5 )  under  
optimum m o i s t u r e  and a n a e r o b i c  c o n d i t i o n s .
T r e a tm e n t
Time
( d a y s )
M i n e r a l i z a t i o n  
ra t e  
(ppm/day)
I m m o b i l i z a t i o n
r a t e
(p p m /day)
100 ppm N + 0 4 2 . 1 1 1 1 . 3 7
2500  ppm C 4 - 8 1 . 3 1 6 . 2 3
(opt imum 8 - 15 - 1 . 0 0 2 . 7 8
m o is  t u r e ) 15 - 30 0 . 1 0 2 . 2 2
30 - 45 0 . 3 0 - 0 . 4 5
45 - 60 0 . 6 2 - 0 . 2 5
60 - 90 - 0 . 6 1 - 2 . 1 2
90 - 1 2 0 0 . 1 3 - 0 . 2 0
0 - 1 2 0 0 . 5 8 0 . 8 5
100 ppm N + 0 _ 4 5 . 5 7 1 2 . 0 0
2500  ppm C 4 - 8 3 . 1 6 5 . 7 4
( W a t e r l o g g e d 8 - 15 - 0 . 0 4 - 0 . 0 3
a n a e r o b i c ) 15 - 30 1 . 1 8 0 . 9 6
30 - 60 0 . 4 0 - 0 . 0 4
60 - 90 0 . 3 1 0 . 0 6
90 - 1 2 0 0 . 1 1 - 0 . 1 4
0 - 1 2 0 0 . 7 8 0 . 8 2
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s t r a w  ad d ed .  I t  was a l s o  i n d i c a t e d  t h a t  th e  a d d i t i o n  o f  s t r a w  s t i m u l a t e d  
t h e  m i n e r a l i z a t i o n  p r o c e s s ,  a l t h o u g h  t h e  d a t a  f o r  d i f f e r e n t  t r e a t m e n t  
c o m b i n a t i o n s  were  n o t  v e r y  c o n s i s t e n t  to  t h i s  e n d .
Of s p e c i a l  i n t e r e s t ,  and p e r h a p s  im p o r t a n c e ,  i s  t h e  c o m p a r i s o n  o f  
t u r n o v e r  r a t e s  under a e r o b i c  (optimum m o i s t u r e )  and a n a e r o b i c  c o n d i t i o n s  
o f  T rea tm e n t  d (1 0 0  ppm N + 2500 ppm C ) . The d a t a  in  T a b le  3 i n d i c a t e  
t h a t  a n a e r o b i c  m i n e r a l i z a t i o n  p r o c e e d e d  a t  a much h i g h e r  r a t e ,  b e i n g  
a b o u t  two t im e s  th e  a e r o b i c  m i n e r a l i z a t i o n ,  w h ereas  I m m o b i l i z a t i o n  was 
dominant under a e r o b i c  c o n d i t i o n s .  C a l c u l a t i o n s  f o r  t u r n o v e r  r a t e s  o v e r  
t h e  e n t i r e  i n c u b a t i o n  p e r i o d  ( 0 - 1 2 0  d a y s )  d e m o n s t r a t e  t h a t  m i n e r a l i z a ­
t i o n  was 1 . 3 5  t im e s  under a n a e r o b i c  a s  under a e r o b i c  s y s t e m ;  i m m o b i l i ­
z a t i o n  w a s ,  h o w e v e r ,  s l i g h t l y  h i g h e r  under  the a e r o b i c  c o n d i t i o n s .
The z e r o  v a l u e s  r e g i s t e r e d  f o r  n i t r o g e n  t u r n o v e r  r a t e s ,  i n  c a s e  o f  
T reatm ent  ' e '  (100  ppm N + 4 0 0 0  ppm C ) , a r e  due t o  z e r o  v a l u e s  o f  x 
( t o t a l  I n o r g a n i c  n i t r o g e n )  i n d i c a t i n g  no n e t  m i n e r a l i z a t i o n  or  i m m o b i l i ­
z a t i o n .  These e q u a t i o n s  do n o t  h o l d  under  such  c o n d i t i o n s ;  h o w e v er ,  a 
s e p a r a t e  t r e a t m e n t  o f  t h e s e  d a t a  i s  p o s s i b l e  to  c a l c u l a t e  th e  t u r n o v e r  
r a t e s  under t h e s e  c o n d i t i o n s  (Kirkham and Bartholomew ,  1 9 5 5 ) .
The f o r e g o i n g  d i s c u s s i o n  on th e  a p p l i c a t i o n  o f  t h e  Kirkham and 
Bartholomew e q u a t i o n s  to  d a ta  o b t a i n e d  i n d i c a t e  t h a t  t h e  e q u a t i o n s  do  
g i v e  a g e n e r a l  p i c t u r e  o f  n i t r o g e n  m i n e r a l i z a t i o n  and i m m o b i l i z a t i o n  i n  
a b s o l u t e  terms b u t  a r e  n o t  n e c e s s a r i l y  a lw a y s  in  s t r i c t  con form an ce  
w i t h  t h e  b i o l o g i c a l  e v e n t s  t a k i n g  p l a c e  in  the s y s t e m .  The a p p l i c a t i o n  
o f  t h e s e  e q u a t i o n s  w ere  n o t  t e s t e d  under  w a t e r l o g g e d  c o n d i t i o n s  due to  
t h e  heavy  l o s s e s  o f  n i t r o g e n  e n c o u n t e r e d  under t h e s e  c o n d i t i o n s .
E q u a t i o n s  must  be c o r r e c t e d  t o  a c c o u n t  f o r  n i t r o g e n  l o s s  from the  s y s t e m  
i n  o r d e r  to  c a l c u l a t e  t h e  n i t r o g e n  t u r n o v e r  r a t e s  under w a t e r l o g g e d
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c o n d i t i o n s .
The s e c o n d  p o s t u l a t e  (C a se  I I )  o f  Kirkham and Barth o lom ew  e q u a t i o n s  
b a s e d  on th e  a s s u m p t i o n  t h a t  m i n e r a l i z a t i o n  and i m m o b i l i z a t i o n  r a t e s  a r e  
p r o p o r t i o n a l  t o  l a b e l l e d  o r g a n i c  and i n o r g a n i c  n i t r o g e n ,  r e s p e c t i v e l y ,  
was n o t  fou n d  a p p l i c a b l e  t o  t h e s e  d a t a .
C. D i s t r i b u t i o n  o f  A p p l i e d  N i t r o g e n  i n t o  D i f f e r e n t  C h e m ic a l  F r a c t i o n s  
o f  S o i l  N i t r o g e n
1 .  C he m ica l  D i s t r i b u t i o n  o f  N a t i v e  S o i l  N i t r o g e n  i n  C row ley  S i l t  Loam
The i n i t i a l  d i s t r i b u t i o n  o f  n a t i v e  s o i l  n i t r o g e n  i n t o  d i f f e r e n t  
c h e m i c a l  f r a c t i o n s  i s  p r e s e n t e d  i n  F i g u r e  1 1a .  Amino a c i d - N  and h y d r o ­
l y z e d  NH^+ -N c o m p r i s e d  t h e  l a r g e s t  f r a c t i o n  (73  p e r  c e n t )  o f  t o t a l  s o i l  
n i t r o g e n  w h i l e  a r e l a t i v e l y  much s m a l l e r  f r a c t i o n  (27  per  c e n t )  was  
c o n s t i t u t e d  by o t h e r  o r g a n i c  and i n o r g a n i c  f r a c t i o n s .  Amino a c i d - N  
d o m in a te d  a l l  t h e  f r a c t i o n s  i s o l a t e d  and a c c o u n t e d  f o r  a b o u t  4 3  p er  c e n t  
o f  t h e  t o t a l  s o i l  n i t r o g e n .  H y d r o l y z e d  NH^+ -N, r e p r e s e n t i n g  t h e  n i t r o g e n  
t h a t  was r e l e a s e d  by a l k a l i n e  a e r a t i o n  o f  a c i d  h y d r o l y z a t e ,  c o n s t i t u t e d  
more th an  o n e - f o u r t h  (2 8  p e r  c e n t )  o f  t h e  t o t a l  n i t r o g e n .  The amount o f  
n i t r o g e n  fou n d  i n  t h e  amino s u g a r  f r a c t i o n  was s m a l l  and amounted t o  
a b o u t  5 per  c e n t  o f  t o t a l  s o i l  n i t r o g e n .  Humin-N f r a c t i o n  a c c o u n t e d  
f o r  2 0  per  c e n t  o f  t o t a l  n i t r o g e n  w i t h  a b o u t  t w i c e  a s  much i n  th e  i n -  
s o l u a b l e  humin-N ( 1 4  per  c e n t )  a s  i n  t h e  s o l u a b l e  humln-N f r a c t i o n  ( 6  
p e r  c e n t ) . The amount o f  i n o r g a n i c  n i t r o g e n  p r e s e n t  i n  t h e  e x c h a n g e ­
a b l e  (NH^+ +  NOj ) - N  f r a c t i o n  was t h e  l e a s t  ( 2  p e r  c e n t )  among t h e  v a r i o u s  
f r a c t i o n s  i s o l a t e d .  Non e x c h a n g e a b l e  NH  ̂ —N f r a c t i o n  was n o t  d e t e r m i n e d  
s i n c e  t h i s  f r a c t i o n  was n o t  c o n s i d e r e d  t o  be a c t i v e  i n  t h e  n i t r o g e n  t r a n s ­
f o r m a t i o n s  s t u d i e d  h e r e .  I t  may be n o t e d  from t h e  f o r e g o i n g  p a r a g r a p h  
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F i g u r e  11.  R e l a t i v e  d i s t r i b u t i o n  o f  a p p l i e d  ( m )
a n d  CoCal  n l c r o g n n  I n t o  d i f f e r e n t  c h e m i c a l  
f r a c t i o n *  o f  s o i l  n i t r o g e n  a t  t h e  e n d  o f  
f o u r  m o n t h s  i n c u b a t i o n  p e r i o d .
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f o l l o w e d  th e  same g e n e r a l  d i s t r i b u t i o n  p a t t e r n  o f  s o i l  n i t r o g e n  a s  was  
e a r l i e r  p o i n t e d  o u t  i n  t h e  p r e c e d i n g  r e v i e w  o f  n i t r o g e n  t r a n s f o r m a t i o n s  
i n  t h e  s o i l .  R e l a t i v e l y  low  f i g u r e s  f o r  amino s u g a r - N  may be due t o  t h e  
p a r t i a l  d e s t r u c t i o n  o f  amino s u g a r s  d u r i n g  t h e  a c i d  h y d r o l y s i s  p r o c e s s .  
S t e v e n s o n  ( 1 9 5 7 )  found  t h a t  l o s s e s  o f  g l u c o s a m i n e  w ere  i n  t h e  o r d e r  o f  
1 2 . 5  and 1 5 . 9  p e r  c e n t  when h y d r o l y z e d  i n  6 N HC1 f o r  6  and 9 h o u r s ,  
r e s p e c t i v e l y .  E x t r a p o l a t i n g  t h e s e  l o s s e s  t o  1 6 -h o u r  h y d r o l y s i s  t i m e ,
Cheng and K u rtz  ( 1 9 6 3 )  e s t i m a t e d  t h a t  a b o u t  o n e - f o u r t h  o f  t h e  amino  
s u g a r s  In t h e  h y d r o l y z a t e  would  be d e s t r o y e d .  F u r t h e r ,  t h e y  r e p o r t e d  
t h a t  t h e  n i t r o g e n  from p a r t i a l l y  d e s t r o y e d  amino a c i d s  and am in o  s u g a r  
c o m p o n e n t s ,  and t h a t  p a r t i a l l y  r e l e a s e d  from f i x e d  NH^+ d u r i n g  th e  p r o c e s s  
o f  h y d r o l y s i s  m ig h t  c o n s t i t u t e  a p a r t  o f  h y d r o l y z e d  NĤ "*"-N f r a c t i o n .
2 .  C h e m ic a l  D i s t r i b u t i o n  o f  A p p l i e d  N i t r o g e n  i n  S o i l
The d a t a  i n  F i g u r e  12a r e p r e s e n t  t h e  d i s t r i b u t i o n  o f  a p p l i e d  n i t r o ­
gen  ( 1 0 0  ppm N) i n  s o i l  i n c u b a t e d  i n  t h e  a b s e n c e  o f  added s t r a w  under  
w a t e r l o g g e d  and optimum m o i s t u r e  c o n d i t i o n s .  Under optimum m o i s t u r e  
c o n d i t i o n s  84 p e r  c e n t  o f  t h e  a p p l i e d  NH^+ -N s t a y e d  i n  th e  e x c h a n g e a b l e
- f -  —
(NH^ +  NOj ) -N f r a c t i o n .  Of t h e  r e m a i n i n g  1 6 . 0  p er  c e n t ,  o n l y  1 1 . 9  p e r  
c e n t  was r e c o v e r e d  i n  t h e  o r g a n i c  p o o l  i n d i c a t i n g  t h a t  4 . 1  p e r  c e n t  o f  
t h e  a p p l i e d  n i t r o g e n  was n o t  a c c o u n t e d  f o r  i n t o  t h e  v a r i o u s  f r a c t i o n s  
i s o l a t e d .  The d i s t r i b u t i o n  o f  l a b e l l e d  n i t r o g e n  w i t h i n  t h e  o r g a n i c  p o o l  
showed  t h a t  a b o u t  t w i c e  a s  much l a b e l l e d  n i t r o g e n  moved i n t o  amino a c i d  
f r a c t i o n  a s  moved i n t o  o t h e r  o r g a n i c  f r a c t i o n s  c o m b in e d .  R e l a t i v e l y  much 
s m a l l e r  am ounts  c o n s i s t i n g  o f  a b o u t  2 . 2  p er  c e n t  o f  a p p l i e d  N e n t e r e d  
t h e  h y d r o l y z e d  NH^+ -N f r a c t i o n .  Only  t r a c e  amounts o f  l a b e l l e d  n i t r o g e n  
w e r e  r e c o v e r e d  In amino s u g a r  and humin N f r a c t i o n s .  I n  term s  o f  p e r ­
c e n t a g e  d i s t r i b u t i o n  w i t h i n  t h e  o r g a n i c  p o o l ,  a b o u t  60 p e r  c e n t  o f  th e  
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1 2 .  D i s t r i b u t i o n  o f  a p p l i e d  n i t r o g e n  ( 1 0 0  ppm) i n t o  d i f f e r e n t  
c h e m i c a l  f r a c t i o n s  o f  s o l L  n i t r o g e n  a t  t ^ e  end o f  f o u r  
m o n th s  i n c u b a t i o n  p e r i o d  a s  d e t e r m i n e d  by i s o t o p e  a n a l y s i s .
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a b o u t  5 . 5  p e r  c e n t  moved i n t o  t h e  am ino  s u g a r  f r a c t i o n .  T o g e t h e r  w i t h  
h y d r o l y z e d  NH^+ -N t h e s e  t h r e e  f r a c t i o n s  c o n t a i n e d  more th a n  80  p e r  c e n t  
o f  t h e  i m m o b i l i z e d  l a b e l l e d  n i t r o g e n .
The d i s t r i b u t i o n  o f  added  n i t r o g e n  w i t h i n  t h e  o r g a n i c  p o o l  o f  w a t e r ­
l o g g e d  t r e a t m e n t  was r e m a r k a b ly  c o n s i s t e n t  w i t h  t h a t  o f  i t s  c o u n t e r p a r t  
optimum m o i s t u r e  t r e a t m e n t .  At thr end o f  t h e  i n c u b a t i o n  p e r i o d ,  1 6 . 1  
p er  c e n t  o f  t h e  a p p l i e d  n i t r o g e n  had b een  c o n v e r t e d  t o  amino a c l d - N  a s  
compared t o  7 . 5  p e r  c e n t  w h i c h  had moved i n t o  o t h e r  o r g a n i c  f r a c t i o n s  
i n d i c a t i n g  t h a t  t h e  i m m o b i l i z a t i o n  o f  a p p l i e d  n i t r o g e n  was t w i c e  a s  much 
i n  amino  a c i d  f r a c t i o n  a s  i n  o t h e r  o r g a n i c  f r a c t i o n s .  A p p r e c i a b l e  amounts  
a c c o u n t i n g  f o r  a b o u t  5 . 1  p e r  c e n t  o f  a p p l i e d  n i t r o g e n  w ere  d e t e c t e d  in  
h y d r o l y z e d  NH^+ -N. Only t r a c e  amounts  o f  l a b e l l e d  N moved i n t o  amino  
s u g a r  and humin N f r a c t i o n s .  How ever ,  t h e  m os t  i m p o r t a n t  f e a t u r e  o f  t h i s  
s t u d y  was  r e m a r k a b ly  lo w e r  r e c o v e r i e s  o f  l a b e l l e d  n i t r o g e n  from t h e  
e x c h a n g e a b l e  (NH^+ +  NO  ̂ )~N f r a c t i o n  under w a t e r l o g g e d  th an  under  o p t i ­
mum m o i s t u r e  c o n d i t i o n s .  A p p r o x i m a t e l y  1 1 . A p e r  c e n t  o f  th e  l a b e l l e d  
n i t r o g e n  was found  i n  t h e  e x c h a n g e a b l e  i n o r g a n i c  f r a c t i o n  under  w a t e r ­
l o g g e d  c o n d i t i o n s  compared t o  8 4 . 1  p e r  c e n t  r e c o v e r e d  under  optimum  
m o i s t u r e  c o n d i t i o n s .  An a c c o u n t  o f  l a b e l l e d  n i t r o g e n  i n  th e  v a r i o u s  
n i t r o g e n  f r a c t i o n s  i s o l a t e d  i n d i c a t e s  t h a t  a b o u t  65 p er  c e n t  o f  t h e  a p ­
p l i e d  n i t r o g e n  was n o t  a c c o u n t e d  f o r  under w a t e r l o g g e d  c o n d i t i o n s .  T h i s  
l o s s  o f  a p p l i e d  NH^+ -N was a t t r i b u t e d  t o  t h e  p o s s i b l e  m ech an ism  o f  o x i d a ­
t i o n  and s u b s e q u e n t  d e n i t r i f i c a t i o n  o f  NH^+ i n  w a t e r l o g g e d  s o i l s  and i s  
d i s c u s s e d  i n  d e t a i l  i n  a l a t e r  s e c t i o n .
The r e s u l t s  on t h e  d i s t r i b u t i o n  o f  a p p l i e d  n i t r o g e n  w i t h i n  t h e  
o r g a n i c  p o o l  a r e  i n  c l o s e  a g r e e m e n t  w i t h  t h e  f i n d i n g s  o f  Cheng and Kurtz  
( 1 9 6 3 ) ,  S t e w a r t  ^ t  a_l. ( 1 9 6 3 )  and 1RRI Annual R e p o r t  ( 1 9 6 5 ) ,  who l i k e ­
w i s e  r e p o r t e d  t h a t  o r g a n i c  f r a c t i o n s  s u c h  as  amino a c i d - N  and h y d r o l y z e d
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NH  ̂ -N w e r e  t h e  m o s t  i m p o r t a n t  i n  term s  o f  i m m o b i l i z a t i o n .  I t  was a l s o  
i n d i c a t e d  (IRRI Annual R e p o r t ,  1 965 )  t h a t  c o n s i d e r a b l e  l o s s e s  o f  n i t r o g e n  
o c c u r r e d  under f l o o d e d  c o n d i t i o n s .
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  th e  d i s t r i b u t i o n  o f  t o t a l  n i t r o g e n  
i n t o  d i f f e r e n t  c h e m i c a l  f r a c t i o n s  was n o t  a p p r e c i a b l y  a f f e c t e d  by m o i s t ­
u re  and i n c u b a t i o n  t r e a t m e n t  ( F i g u r e  l i b ) .  H ow ever ,  t h e  e x c h a n g e a b l e  
(NH^+  +  NO3  ) - N  f r a c t i o n  i n c r e a s e d  c o n s i d e r a b l y  and th e  i n c r e a s e  was 
c a u s e d  l a r g e l y  by t h e  m i n e r a l i z a t i o n  o f  amino a c i d  and h y d r o l y z e d  NH + -N 
f r a c t i o n s .
The d i s t r i b u t i o n  o f  a p p l i e d  NH^+ -N ( 1 0 0  ppm) i n t o  d i f f e r e n t  c h e m i c a l  
f r a c t i o n s  o f  s o i l  n i t r o g e n  was a l s o  s t u d i e d  i n  s o i l  i n c u b a t e d  w i t h  added  
r i c e  s t r a w  (2 5 0 0  ppm C) and m a i n t a i n e d  under opt imum m o i s t u r e ,  w a t e r ­
l o g g e d ,  and w a t e r  l o g g e d - a n a e r o b i c  ( a i r  r e p l a c e d  w i t h  a r g o n )  c o n d i t i o n s  
f o r  a p e r i o d  o f  f o u r  m o n th s .  F i g u r e  12b r e p r e s e n t s  t h e  am ounts  o f  a p p l i e d  
n i t r o g e n  found  i n  the  d i f f e r e n t  c h e m i c a l  f r a c t i o n s  i s o l a t e d  a t  t h e  end  
o f  the  i n c u b a t i o n  p e r i o d  under v a r i o u s  c o n d i t i o n s  o f  a e r a t i o n  and m o i s t ­
u r e .  A p p r e c i a b l y  h i g h e r  amounts  o f  a p p l i e d  n i t r o g e n  became i m m o b i l i z e d  
i n  th e  p r e s e n c e  o f  ad d ed  s t r a w  th a n  i n  i t s  a b s e n c e .  A p p r o x i m a t e l y  4 6 . 8 ,  
5 2 . 8 ,  and 5 5 . 0  p e r  c e n t  o f  a p p l i e d  n i t r o g e n  was r e c o v e r e d  i n  t h e  com bined  
o r g a n i c  p o o l  o f  s o i l  n i t r o g e n  under w a t e r l o g g e d ,  optimum m o i s t u r e  and  
a n a e r o b i c  c o n d i t i o n s ,  r e s p e c t i v e l y .  D e s p i t e  th e  g r e a t e r  n i t r o g e n  t u r n ­
o v e r  r a t e  i n  t h e  p r e s e n c e  o f  added s t r a w ,  t h e  g e n e r a l  d i s t r i b u t i o n  p a t ­
t e r n  o f  d i f f e r e n t  c h e m i c a l  f r a c t i o n s  w i t h i n  t h e  o r g a n i c  p o o l  w a s ,  
n e v e r t h e l e s s ,  a b o u t  t h e  same a s  was e a r l i e r  o b s e r v e d  i n  the  a b s e n c e  o f  
added s t r a w  ( F i g u r e  1 2 a ) .  I n  g e n e r a l ,  under a l l  c o n d i t i o n s  o f  a e r a t i o n  
and m o i s t u r e ,  a p p r o x i m a t e l y  two to  t h r e e  t i m e s  a s  much f e r t i l i z e r  n i t r o ­
g e n  e n t e r e d  t h e  amino a c i d  f r a c t i o n  a s  e n t e r e d  t h e  o t h e r  o r g a n i c  f r a c t i o n s  
c o m b in ed .  For e x a m p l e ,  under  w a t e r l o g g e d  c o n d i t i o n s  3 0 . 1  p e r  c e n t  o f
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t h e  a p p l i e d  n i t r o g e n  was i n c o r p o r a t e d  i n t o  t h e  amino a c i d  f r a c t i o n  a s  
compared t o  o n l y  1 6 . 6  p e r  c e n t  i n c o r p o r a t e d  i n t o  o t h e r  f r a c t i o n s .  Under  
optimum m o i s t u r e  c o n d i t i o n s  a b o u t  3 9 . 6  per  c e n t  o f  th e  a p p l i e d  n i t r o g e n  
was i m m o b i l i z e d  i n t o  amino a c i d  com p o n en ts  w h i l e  o n l y  1 3 . 1  p e r  c e n t  moved 
i n t o  a l l  t h e  o t h e r  f r a c t i o n s  c o m b in e d .  S i m i l a r l y ,  under  a n a e r o b i c  c o n ­
d i t i o n s ,  4 0 . 6  p e r  c e n t  o f  t h e  a p p l i e d  n i t r o g e n  was i m m o b i l i z e d  i n t o  th e  
amino a c i d  com p o n en ts  compared t o  1 4 . 4  p er  c e n t  I m m o b i l i z e d  i n t o  t h e  
o t h e r  o r g a n i c  f r a c t i o n s .  T h i s  i n d i c a t e s  t h a t  t h e  r e l a t i v e  d i s t r i b u t i o n  
o f  i m m o b i l i z e d  l a b e l l e d  n i t r o g e n  i n t o  t h e  am ino  a c i d  and t h e  o t h e r  o r g a n i c  
f r a c t i o n s  com bined  was a b o u t  t h e  same under  t h e  e x t r e m e  c o n d i t i o n s  o f  
a e r a t i o n  and m o i s t u r e  ( a e r o b i c  (optimum m o i s t u r e ) ,  a n a e r o b i c ,  and w a t e r ­
l o g g e d  c o n d i t i o n s ) .  The d i s t r i b u t i o n  o f  a p p l i e d  n i t r o g e n  i n  t h e  o t h e r  
o r g a n i c  f r a c t i o n s  was a b o u t  th e  same under  th e  d i f f e r e n t  a e r a t i o n  and  
m o i s t u r e  c o n d i t i o n s .  About 8 . 9  and 9 . 4  p e r  c e n t  o f  the. a p p l i e d  n i t r o g e n  
was d e t e c t e d  i n  t h e  h y d r o l y z e d  NH  ̂ -N f r a c t i o n  o f  w a t e r l o g g e d  and optimum 
m o i s t u r e  t r e a t m e n t ,  r e s p e c t i v e l y .  R e l a t i v e l y  s m a l l e r  q u a n t i t i e s  ( 3 . 4  
p e r  c e n t )  w ere  i n c o r p o r a t e d  i n t o  t h e  h y d r o l y z e d  NH^+ -N under  t h e  a n a e r ­
o b i c  c o n d i t i o n s .  The amount o f  a p p l i e d  n i t r o g e n  t h a t  moved i n t o  th e  
amino s u g a r  f r a c t i o n  g a v e  r e l a t i v e l y  h i g h e r  v a l u e s  un der  a n a e r o b i c  ( 6 . 0  
p e r  c e n t )  th a n  u n d e r  w a t e r l o g g e d  ( 3 . 3  p e r  c e n t )  or  optimum m o i s t u r e  
( 1 . 3  p e r  c e n t )  c o n d i t i o n s .  I t  I s  i m p o r t a n t  t o  n o t e  t h a t  t o g e t h e r  t h e s e  
t h r e e  f r a c t i o n s  (a m in o  a c i d - N ,  h y d r o l y z e d  NH^+ -N, and amino s u g a r - N )  
c o n s t i t u t e d  more t h a n  90 p e r  c e n t  o f  t h e  t o t a l  i m m o b i l i z e d  l a b e l l e d  
n i t r o g e n  I r r e s p e c t i v e  o f  t h e  a e r a t i o n  and m o i s t u r e  t r e a t m e n t .  Only  
s m a l l  am ounts  o f  f e r t i l i z e r  N e n t e r e d  t h e  s o l u a b l e  and i n s o l u a b i e  humin-  
N f r a c t i o n s .
An i m p o r t a n t  f e a t u r e  o f  t h i s  s t u d y  was t h e  r e m a r k a b ly  lo w e r  amounts  
o f  f e r t i l i z e r  N r e c o v e r e d  i n  t h e  e x c h a n g e a b l e  (NH^+ +  NO  ̂ ) - N  f r a c t i o n
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u nder  w a t e r l o g g e d  c o n d i t i o n s .  About  1 0 . 6  p e r  c e n t  o f  t h e  a p p l i e d  n i t r o ­
g e n  was d e t e c t e d  i n  t h e  e x c h a n g e a b l e  (NH^+ +  NO-j") f r a c t i o n  under  w a t e r ­
l o g g e d  c o n d i t i o n s  a s  compared t o  a b o u t  4 5 . 9  and 4 4 . 9  p e r  c e n t  found  under  
optimum m o i s t u r e  and a n a e r o b i c  c o n d i t i o n s ,  r e s p e c t i v e l y .  T o t a l  l a b e l l e d  
n i t r o g e n  r e c o v e r e d  from v a r i o u s  c h e m i c a l  f r a c t i o n s  i s o l a t e d  under t h e  
t h r e e  a e r a t i o n  and m o i s t u r e  c o n d i t i o n s  i n d i c a t e s  t h a t  a l a r g e  amount,  
e q u i v a l e n t  t o  a b o u t  4 2 . 6  p e r  c e n t ,  was l o s t  under  t h e  w a t e r l o g g e d  c o n d i ­
t i o n s .  The l o s s  o f  a p p l i e d  n i t r o g e n  un der  optimum m o i s t u r e  and c o m p l e t e ­
l y  a n a e r o b i c  c o n d i t i o n s  was r e l a t i v e l y  i n s i g n i f i c a n t .  The t rem en d o u s  
l o s s  under  w a t e r l o g g e d  c o n d i t i o n s  was a t t r i b u t e d  t o  t h e  o x i d a t i o n  
and s u b s e q u e n t  d e n i t r i f i c a t i o n  o f  NH^+ i n  w a t e r l o g g e d  s o i l s .  The n i t r o ­
gen  l o s s  u n der  th e  a n a e r o b i c  and optimum m o i s t u r e  c o n d i t i o n s  was w e l l  
w i t h i n  t h e  e x p e r i m e n t a l  e r r o r .
I t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  t h e  d i s t r i b u t i o n  o f  th e  t o t a l  n i t r o ­
g e n  i n t o  t h e  c h e m i c a l  f r a c t i o n s  o f  t h e  o r g a n i c  p o o l  ( F i g u r e  1 1 c )  rem ain e d  
u n a f f e c t e d  e v e n  u nder  t h e  e x t r e m e  r a n g e  o f  a e r a t i o n  and m o i s t u r e  c o n d i ­
t i o n s .  A bou t  t h e  same g e n e r a l  d i s t r i b u t i o n  p a t t e r n ,  a s  i n  t h e  o r i g i n a l  
s o i l ,  was o b s e r v e d  e v e n  a f t e r  t h e  s o i l  had b een  i n c u b a t e d  f o r  f o u r  months  
under  w a t e r l o g g e d ,  opt imum m o i s t u r e  and c o m p l e t e l y  a n a e r o b i c  c o n d i t i o n s .
W hile  f u r t h e r  s t u d i e s  a r e  n e e d e d ,  th e  s i g n i f i c a n t  c o n c l u s i o n s  from  
t h e  f o r e g o i n g  r e s u l t s  may be summarized  a s  f o l l o w s :  ( a )  amino a c i d  N,
h y d r o l y z e d  NH^+-N and amino  s u g a r  N w ere  t h e  m os t  i m p o r t a n t  o r g a n i c  
n i t r o g e n  f r a c t i o n s  i n  t erm s  o f  n i t r o g e n  i m m o b i l i z a t i o n .  T o g e t h e r  t h e s e  
t h r e e  f r a c t i o n s  c o n t a i n e d  a b o u t  90 p e r  c e n t  o f  the  i m m o b i l i z e d  l a b e l l e d  
n i t r o g e n  under  a l l  c o n d i t i o n s  o f  a e r a t i o n  and m o i s t u r e ;  (b )  a b o u t  two t o  
t h r e e  t i m e s  a s  much ad d ed  n i t r o g e n  e n t e r e d  t h e  am ino  a c i d  f r a c t i o n  a s  
e n t e r e d  t h e  o t h e r  o r g a n i c  f r a c t i o n s ;  ( c )  t h e  a d d i t i o n  o f  s t r a w  i n c r e a s e d  
t h e  r a t e  o f  n i t r o g e n  i m m o b i l i z a t i o n  b u t  d i d  n o t  a l t e r  t h e  d i s t r i b u t i o n
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p a t t e r n  o f  ad d ed  n i t r o g e n  w i t h i n  th e  s o i l  o r g a n i c  p o o l ;  (d )  t h e  w a t e r -  
l o g g i n g  and c o m p l e t e l y  a n a e r o b i c  c o n d i t i o n s  c r e a t e d  no s i g n i f i c a n t  d i f ­
f e r e n c e  i n  t h e  d i s t r i b u t i o n  o f  added n i t r o g e n  i n t o  t h e  v a r i o u s  o r g a n i c  
f r a c t i o n s ,  h o w e v e r ,  c o n s i d e r a b l e  l o s s e s  o f  n i t r o g e n  o c c u r r e d  u nder  w a t e r ­
l o g g i n g  i n  c o n t r a s t  t o  no  l o s s  under  a n a e r o b i c  c o n d i t i o n s ;  ( e )  d i s t r i ­
b u t i o n  o f  t o t a l  n i t r o g e n  i n t o  t h e  v a r i o u s  f r a c t i o n s  o f  o r g a n i c  n i t r o g e n  
was n o t  a p p r e c i a b l y  a f f e c t e d  by th e  v a r i o u s  a e r a t i o n  and m o i s t u r e  t r e a t ­
m en ts  b o t h  i n  t h e  a b s e n c e  and p r e s e n c e  o f  added s t r a w .
D. L o s s e s  o f  A p p l i e d  and N a t i v e  N i t r o g e n  i n  a W a t e r l o g g e d  S o i l  S y s te m  
The d a t a  p r e s e n t e d  i n  F i g u r e  13 show t h e  d i s t r i b u t i o n  o f  a p p l i e d  
n i t r o g e n  ( 1 0 0  ppm) i n t o  i n o r g a n i c  and o r g a n i c  f r a c t i o n s .  The a r e a  
l a b e l l e d  a s  ' u n a c c o u n t e d  f o r  N' r e p r e s e n t s  t h e  m a g n i t u d e  o f  n i t r o g e n  
l o s s  from a p p l i e d  ( ^ N H ^ ^ S O ^  i n  a w a t e r l o g g e d  s o i l  s y s t e m  i n c u b a t e d  f o r  
a p e r i o d  o f  f o u r  m o n t h s .  L a rg e  l o s s e s  o f  a p p l i e d  n i t r o g e n  o c c u r r e d  under  
c o n t i n u o u s l y  w a t e r l o g g e d  c o n d i t i o n s  ( F i g u r e  1 3 ) .  T h e s e  l o s s e s  w ere  m ost  
p r o n o u n c e d  i n  t h e  a b s e n c e  o f  added  s t r a w  b u t  d e c r e a s e d  p r o g r e s s i v e l y  a s  
t h e  amount o f  added  s t r a w  i n c r e a s e d .  In  t h e  c a s e  o f  s o i l  t r e a t e d  w i t h  
100 ppm NH^+ -N i n  t h e  a b s e n c e  o f  added s t r a w ,  a t rem en dou s  l o s s ,  amount­
i n g  t o  6 8  p e r  c e n t  o f  t h e  l a b e l l e d  n i t r o g e n  o r i g i n a l l y  a p p l i e d  t o  s o i l ,  
o c c u r r e d  a f t e r  an i n i t i a l  l a g  p e r i o d  o f  15 d a y s  ( F i g u r e  1 3 a ) .  The r a t e  
o f  n i t r o g e n  l o s s  was a t  a maximum d u r i n g  t h e  t i m e  i n t e r v a l  b e t w e e n  15 and  
60 d a y s  a f t e r  i n c u b a t i o n  ( 1 . 3  ppm p er  day  f o r  a b o u t  4 5  d a y s )  and d e ­
c r e a s e d  r a p i d l y  a s  t h e  i n c u b a t i o n  p e r i o d  p r o c e e d e d .  About  85  p e r  c e n t  
o f  t h e  t o t a l  l o s s  o c c u r r e d  d u r i n g  t h e  f i r s t  two months  w i t h  o n l y  a s m a l l  
l o s s  (15  p e r  c e n t )  o c c u r r i n g  d u r i n g  l a t e r  p a r t  o f  t h e  i n c u b a t i o n  p e r i o d .  
I t  i s  I m p o r t a n t  t o  p o i n t  o u t  t h a t  a t  t h e  end  o f  t h e  i n c u b a t i o n  p e r i o d ,  
o n l y  1 1 . 4  p e r  c e n t  o f  t h e  a p p l i e d  n i t r o g e n  was p r e s e n t  i n  t h e  i n o r g a n i c
100 !■-* ,
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F i g u r e  13.  L o s s e s  o f  n i t r o g e n  f rom a p p l i e d  ( * '’N H ^j SO ^  i n  a w a t e r l o g g e d  
s o i l  s y s t e m .
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f r a c t i o n ,  2 0 . 4  p er  c e n t  was i m m o b i l i z e d  i n t o  the  o r g a n i c  p h a s e  and t h e  
r e m a i n i n g  6 8 . 2  p e r  c e n t  was l o s t  from th e  s y s t e m .
A d d i t i o n  o f  r i c e  s t r a w  t o  s o i l  w i t h  100 ppm NH^+ -N added  d e c r e a s e d  
b o t h  t h e  r a t e  and m a g n i t u d e  o f  n i t r o g e n  l o s s .  The d e c r e a s e  i n  n i t r o g e n  
l o s s  was p r o p o r t i o n a l  t o  t h e  i n c r e a s e  i n  n i t r o g e n  i m m o b i l i z a t i o n  w h ic h  
i n  t u r n  was p r o p o r t i o n a l  to  t h e  amount o f  s t r a w  a d d e d .
I n t e r p r e t a t i o n  o f  t h e  d a t a  i n  F i g u r e  13b I n d i c a t e s  t h a t  t h e  a d d i t i o n  
o f  s t r a w  a t  a r a t e  e q u i v a l e n t  t o  1 0 0 0  ppm c a r b o n  c a u s e d  th e  amount o f  
n i t r o g e n  l o s s  t o  d e c r e a s e  w h i l e  t h a t  o f  n i t r o g e n  i m m o b i l i z a t i o n  t o  i n ­
c r e a s e .  About 5 8 . 6  p e r  c e n t  o f  t h e  a p p l i e d  n i t r o g e n  was l o B t  d u r i n g  th e  
f o u r  month i n c u b a t i o n  p e r i o d  i n  t h e  p r e s e n c e  o f  s t r a w  a s  compared t o  
6 8 . 2  p e r  c e n t  n i t r o g e n  l o s t  i n  t h e  a b s e n c e  o f  s t r a w .  Maximum l o s s  o f  
n i t r o g e n  o c c u r r e d  d u r i n g  th e  t im e  i n t e r v a l  marked by t h e  l i n e a r  p o r t i o n  
o f  t h e  c u r v e  ( 1 5 - 6 0  d a y s )  a t  a r a t e  o f  a b o u t  0 . 9  ppm p e r  day and a c c o u n t e d  
f o r  a b o u t  85 p e r  c e n t  o f  t h e  t o t a l  l o s s .  When t h e  r a t e s  o f  ad d ed  s t r a w  
w e r e  i n c r e a s e d  t o  2500  ppm and 4 0 0 0  ppm c a r b o n ,  t h e  l o s s  o f  n i t r o g e n  from  
a p p l i e d  ( ^ N H ^ ^ S O ^  was d e c r e a s e d  t o  4 3 . 0  ppm and 3 4 . 8  ppm, r e s p e c t i v e l y .  
T h i s  i n d i c a t e s  t h a t  t h e  a d d i t i o n  o f  s t r a w  e q u i v a l e n t  t o  4 0 0 0  ppm c a r b o n  
r e d u c e d  th e  n i t r o g e n  l o s s  t o  o n e  h a l f  o f  t h a t  e n c o u n t e r e d  i n  t h e  a b s e n c e  
o f  added s t r a w .  H ow ever ,  i t  i s  i m p o r t a n t  t o  n o t e  t h a t  n o t w i t h s t a n d i n g  
t h e  d e c r e a s e  i n  n i t r o g e n  l o s s  by i n c r e m e n t a l  a d d i t i o n s  o f  added s t r a w ,  
t h e  amount o f  a v a i l a b l e  n i t r o g e n  ( e x t r a c t a b l e  NH^+ + NO  ̂ ) l e f t  i n  th e  
i n o r g a n i c  p o o l  was a b o u t  th e  same ( 6  t o  1 2  ppm) a t  th e  e n d  o f  i n c u b a t i o n  
p e r i o d  under  a l l  c o m b i n a t i o n s  o f  added c a r b o n  and n i t r o g e n .  T h i s  i n d i ­
c a t e s  t h a t  t h e  d e c r e a s e  i n  n i t r o g e n  l o s s  by a d d i t i o n  o f  ad d ed  s t r a w  was  
p r i m a r i l y  c a u s e d  by t h e  I n c r e a s e d  i m m o b i l i z a t i o n  o f  i n o r g a n i c  n i t r o g e n  
i n t o  t h e  o r g a n i c  p h a s e .  The v i g o r o u s  n e t  i m m o b i l i z a t i o n  w i t h  l i t t l e  o r  
no n i t r o g e n  l o s s  d u r i n g  th e  f i r s t  15 d a y s  o f  i n c u b a t i o n  p r o v i d e  e v i d e n c e
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t o  t h i s  e f f e c t .  A c l o s e  p a r a l l e l i s m  b e t w e e n  t h e  r a t e  o f  n i t r o g e n  l o s s  and  
t h e  amount o f  i n o r g a n i c  n i t r o g e n  p r e s e n t  ( F i g u r e  13)  s u g g e s t s  t h a t  a f t e r  
an i n i t i a l  l a g  p e r i o d  o f  14 d a y s ,  when i m m o b i l i z a t i o n  was  p r e d o m i n a n t ,  
t h e  n i t r o g e n  l o s s  was d i r e c t l y  p r o p o r t i o n a l  t o  th e  c o n c e n t r a t i o n  o f  
p r e s e n t  i n  t h e  i n o r g a n i c  p o o l .  F u r t h e r ,  F i g u r e  14 d e p i c t i n g  t h e  d i s t r i ­
b u t i o n  o f  a p p l i e d  and s o i l  i n o r g a n i c  n i t r o g e n  i n t o  t h e  sam p le  p r o f i l e  
i n d i c a t e s  t h a t  a b o u t  73 p e r  c e n t  o f  t h e  a p p l i e d  n i t r o g e n  was  p r e s e n t  
w i t h i n  1 . 5  cm o f  t h e  s u r f a c e  l a y e r .  T h i s  i n  tu rn  i n d i c a t e s  t h a t  t h e  
NH^+ -N at  o r  n e a r  t h e  s o i l - w a t e r  i n t e r f a c e  i n  a w a t e r l o g g e d  s o i l  s y s t e m  
i s  f a i r l y  u n s t a b l e  and i s  c o n s t a n t l y  s u b j e c t e d  t o  l o s s  from t h e  s y s t e m  
th ro u g h  a m ech an ism  o f  n i t r i f i c a t i o n  and s u b s e q u e n t  d e n i t r i f i c a t i o n .  A 
d e t a i l e d  d i s c u s s i o n  o f  t h i s  m echanism  w i l l  be g i v e n  l a t e r  i n  t h i s  s e c t i o n .
The d a t a  i n  F i g u r e  13 can  be  i n t e r p r e t e d  t o  a c c o u n t  f o r  n i t r o g e n  l o s s  
o n l y  from t h e  a p p l i e d  n i t r o g e n  and d o e s  n o t  c o n s i d e r  t h e  l o s s  o f  n i t r o g e n  
from t h e  s o i l  n i t r o g e n  m i n e r a l i z e d  d u r i n g  t h e  f o u r  months  i n c u b a t i o n  
p e r i o d .  A q u a n t i t a t i v e  e v a l u a t i o n  o f  t h e s e  l o s s e s  i s  r e n d e r e d  d i f f i c u l t  
by t h e  f a c t  t h a t  n i t r o g e n  m i n e r a l i z a t i o n  and n i t r o g e n  l o s s  i n  w a t e r l o g g e d  
s o i l s  o f t e n  p r o c e e d  s i m u l t a n e o u s l y .  How ever ,  an  e v a l u a t i o n  o f  t h e  t o t a l  
n i t r o g e n  l o s s  from t h e  s o i l  s y s t e m  c o u l d  p r o v i d e  an e s t i m a t e  o f  n i t r o g e n  
l o s s  from t h e  s o i l  n i t r o g e n .
F i g u r e  15 shows t h e  c h a n g e s  In t o t a l  n i t r o g e n  i n  s o i l  m a i n t a i n e d  
under  opt imum m o i s t u r e  and w a t e r l o g g e d  c o n d i t i o n s  a t  v a r i o u s  l e v e l s  o f  
s t r a w  i n  c o m b i n a t i o n  w i t h  100 ppm N a s  ( ^ N H ^ ^ S O ^ .  L i t t l e  o r  no n i t r o ­
g e n  was l o s t  under optimum m o i s t u r e  o r  a e r a t e d  c o n d i t i o n s  In  c o n t r a s t  
t o  t h e  l a r g e  l o s s  o f  n i t r o g e n  t h a t  o c c u r r e d  under c o n t i n u o u s l y  w a t e r ­
l o g g e d  c o n d i t i o n s .  The d e c r e a s e  i n  t h e  t o t a l  n i t r o g e n  c o n t e n t  became  
e v i d e n t  a b o u t  20 t o  30 days  a f t e r  w a t e r l o g g i n g  and p r o c e e d e d  c o n t i n u ­
















Percentage of total Inorganic N
F i g u r e  14 .  D i s t r i b u t i o n  o f  a p p l i e d  and s o i l  i n ­
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F i g u r e  15.  L o s s e s  o f  t o t s l  n i t r o g e n  u n d e r  w a t e r l o g g e d  e n d  op t im um
m o i s t u r e  c o n d i t i o n s .
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t o t a l  n i t r o g e n  b e t w e e n  optimum m o i s t u r e  and w a t e r l o g g e d  t r e a t m e n t  p r o v i d e s  
a n  e s t i m a t e  o f  n i t r o g e n  l o s s  c a u s e d  s o l e l y  by w a t e r l o g g i n g .  I t  may be  
n o t e d  from  F i g u r e  15a t h a t  i n  t h e  a b s e n c e  o f  added s t r a w  a b o u t  9 3 . 0  ppm 
n i t r o g e n  e q u i v a l e n t  t o  a b o u t  9 . 8  p e r  c e n t  o f  t o t a l  n i t r o g e n  was l o s t  d u r ­
i n g  t h e  f o u r  month i n c u b a t i o n  p e r i o d .  L o s s e s  o f  a s l i g h t l y  h i g h e r  m a g n i ­
tude  a m o u n t i n g  t o  9 7 . 8  ppm n i t r o g e n  or  1 0 . 1  p e r  c e n t  o f  t h e  t o t a l  n i t r o g e n  
were  o b s e r v e d  in  t h e  c a s e  w here  t h e  s t r a w  was added a t  a r a t e  o f  1 0 0 0  ppm 
c a r b o n .  A d d i t i o n  o f  s t r a w  a t  h i g h e r  r a t e s ,  2500  ppm and 4 0 0 0  ppm c a r b o n ,  
c a u s e d  an a p p r e c i a b l e  d e c r e a s e  i n  th e  n i t r o g e n  l o s s  from th e  w a t e r l o g g e d  
s y s t e m .  A bout  6 3 . 2  ppm n i t r o g e n  r e p r e s e n t i n g  6 . 8  p e r  c e n t  o f  t h e  t o t a l  
n i t r o g e n  was  l o s t  i n  th e  c a s e  o f  2500  ppm c a r b o n  t r e a t m e n t  w h i l e  8 3 . 5  ppm 
n i t r o g e n  w hich  was e q u i v a l e n t  to  8 . 7  p e r  c e n t  o f  t o t a l  n i t r o g e n  was l o s t  
i n  t h e  c a s e  w here  4 0 0 0  ppm c a r b o n  i n  t h e  form o f  r i c e  s t r a w  was a d d e d .
A t  t h i s  s t a g e ,  i t  i s  i m p o r t a n t  t o  d i s c u s s  t h e  m echan ism  a c c o u n t i n g  
f o r  t h e s e  l a r g e  l o s s e s  o f  a p p l i e d  NH^+ -N and s o i l  n i t r o g e n  In a w a t e r ­
l o g g e d  s o i l  s y s t e m .  The l o s s e s  a r e  a p p a r e n t l y  t o o  g r e a t  t o  be a c c o u n t e d  
f o r  by  d i r e c t  v o l a t i l i z a t i o n  or  f i x a t i o n  i n t o  c l a y  l a t t i c e s  u n d e r  t h e s e  
e x p e r i m e n t a l  c o n d i t i o n s .  F u r t h e r m o r e ,  t h e  c o m p a r i s o n  b e t w e e n  w a t e r l o g g e d  
and opt imum m o i s t u r e  t r e a t m e n t s  i n v a r i a b l y  s u g g e s t s  t h a t  th e  l o s s  o f  
n i t r o g e n  i n  s o i l  i s  due s o l e l y  to  w a t e r l o g g i n g .  T h i s  l e a d s  t o  t h e  s t r o n g  
p o s s i b i l i t y  o f  n i t r o g e n  l o s s  t h r o u g h  a s p e c i a l  p r o c e s s  p r e v a i l i n g  i n  
w a t e r l o g g e d  s o i l s  i n  w hich  NH^+ -N i s  o x i d i z e d  t o  NO  ̂ -N i n  t h e  s u r f a c e  
o x i d i z e d  l a y e r  o f  s o i l  i n  a w a t e r l o g g e d  s o i l  s y s t e m .  The n i t r a t e  
(N0 j ~ )  t h u s  p rod u ced  i s  l o s t  upon e n t r y  i n t o  t h e  u n d e r l y i n g  r e d u c e d  
l a y e r  th r o u g h  d e n i t r i f i c a t i o n  t o  Nj and NjO. The m a g n i t u d e  o f  t h i s  n i ­
t r o g e n  l o s s  t h r o u g h  d e n i t r i f i c a t i o n  i n  auch  a s y s t e m  w i l l  be d e p e n d e n t  
on t h e  c o n c e n t r a t i o n  o f  NH^+ i n  o r  n e a r  t h e  s u r f a c e  o x i d i z e d  l a y e r ,  th e  
d e p t h  o f  t h e  s u r f a c e  o x i d i z e d  l a y e r ,  and t h e  movement or  d i f f u s i o n  o f
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NOj I n t o  th e  u n d e r l y i n g  re d u c e d  l a y e r .  High  c o n c e n t r a t i o n s  o f  * P “
p l i e d  i n  t h e  form o f  f e r t i l i z e r  o r  p r o d u c e d  d u r i n g  t h e  m i n e r a l i z a t i o n  
o f  o r g a n i c  n i t r o g e n , i n  t h e  s u r f a c e  o x i d i z e d  l a y e r  w o u l d ,  t h e r e f o r e ,  
c a u s e  g r e a t e r  n i t r o g e n  l o s s  th r o u g h  th e  n i t r i f i c a t i o n  o f  NH^+ i n  t h e  
w a t e r l o g g e d  s o i l  s y s t e m  o f  t h e  k in d  em p lo y ed  i n  t h i s  e x p e r i m e n t .  F i g u r e  
14 i n d i c a t e s  t h a t  a b o u t  75 p e r  c e n t  o f  t h e  a p p l i e d  n i t r o g e n  was p r e s e n t  
w i t h i n  1 . 5  cm o f  t h e  s u r f a c e  l a y e r  and w a s ,  t h e r e f o r e ,  e x p o s e d  t o  t h e  
p r o c e s s  o f  n i t r o g e n  l o s s .  T h e s e  l o s s e s  c o u l d  be m i n i m i z e d  by d e e p  p l a c ­
i n g  t h e  added NH^+ -N i n  t h e  re d u c e d  l a y e r  o r  by t r e a t i n g  t h e  s o i l  w i t h  
a n i t r i f i c a t i o n  i n h i b i t o r .
To f u r t h e r  i l l u s t r a t e  t h a t  t h e  n i t r o g e n  l o s s  i n  a  w a t e r l o g g e d  s o i l  
s y s t e m  d i d  o c c u r  t h r o u g h  t h e  p r o p o s e d  m ech an ism  o f  n i t r i f i c a t i o n  and  
s u b s e q u e n t  d e n i t r i f i c a t i o n  t h e  d a t a  on n i t r o g e n  l o s s  under  d i f f e r e n t  
a e r a t i o n  and m o i s t u r e  c o n d i t i o n s  may be c o n s i d e r e d  i n  F i g u r e  1 6 .  N e g l i ­
g i b l e  o r  no n i t r o g e n  l o s s  from a p p l i e d  ( ^ N H ^ j S O ^  under c o m p l e t e l y  
a n a e r o b i c  c o n d i t i o n s  ( a i r  r e p l a c e d  w i t h  a r g o n ) ,  m a i n t a i n e d  e i t h e r  under  
w a t e r l o g g e d  o r  a t  optimum m o i s t u r e  c o n d i t i o n s ,  compared t o  4 3  p e r  c e n t  
n i t r o g e n  l o s s  i n  a c o r r e s p o n d i n g  w a t e r l o g g e d  s y s t e m  ( a i r  n o t  r e p l a c e d  
w i t h  a r g o n )  s u g g e s t s  t h e  s t r o n g  i n f l u e n c e  o f  t h e  s u r f a c e  o x i d i z e d  l a y e r  
on n i t r o g e n  l o s s  i n  t h e  l a t t e r  s y s t e m .  L i k e w i s e ,  no n i t r o g e n  was l o s t  
i n  a c o m p l e t e l y  a e r o b i c  s y s t e m  (optimum m o i s t u r e ) .  T h i s  i n d i c a t e s  t h a t  
t h e  e s t a b l i s h m e n t  o f  p erm an ent  l a y e r s  o f  o x i d i z e d  s o i l  and r e d u c e d  s o i l  
a s  i n  a w a t e r l o g g e d  s o i l  s y s t e m  i s  n e c e s s a r y  f o r  n i t r o g e n  l o s s  t o  o c c u r  
from a p p l i e d  In  t h e  form o f  f e r t i l i z e r ,  and p rod u ced  th r o u g h
m i n e r a l i z a t i o n  o f  o r g a n i c  n i t r o g e n .
The s i g n i f i c a n t  c o n c l u s i o n s  from t h i s  s t u d y  may be a u m n a r iz e d  a s  
f o l l o w s :  ( 1 ) s e v e r e  l o s s e s  o f  NH^+ n i t r o g e n ,  a p p l i e d  e i t h e r  i n  t h e  form
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F i g u r e  16.  L o o s e s  o f  N i t r o g e n  f ro m  a p p l i e d  u n d e r  d i f f e r e n t
a e r a t i o n  a n d  m o i s t u r e  c o n d i t i o n s .
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o c c u r r e d  a s  a r e s u l t  o f  w a t e r l o g g i n g ,  ( 2 )  a b o u t  85 per  c e n t  o f  th e  t o t a l  
l o s s  from th e  a p p l i e d  n i t r o g e n  o c c u r r e d  d u r i n g  t h e  f i r s t  two months  o f  
i n c u b a t i o n ,  ( 3 )  th e  l o s s e s  w ere  more p ro n o u n c ed  In th e  a b s e n c e  o f  added  
s t r a w  th a n  i n  i t s  p r e s e n c e ,  ( 4 )  t h e  n i t r o g e n  l o s s  from a p p l i e d  NH^+  was  
p r o p o r t i o n a l  to  t h e  amount o f  NH^+ p r e s e n t  a t  a n y  one  t im e  e x c e p t  f o r  
t h e  i n i t i a l  f i f t e e n  day p e r i o d  when i m m o b i l i z a t i o n  was d o m in a n t ,  ( 5 )  a l ­
though t h e  a d d i t i o n  o f  s t r a w  c o n s i d e r a b l y  r e d u c e d  t h e  amount o f  n i t r o g e n  
l o s s  from t h e  w a t e r l o g g e d  s o i l  s y s t e m ,  the amount o f  p l a n t  a v a i l a b l e  
n i t r o g e n  ( e x t r a c t a b l e  NH^+ + NO^")-N l e f t  i n  t h e  i n o r g a n i c  p o o l  was a b o u t  
t h e  same under  a l l  c o m b i n a t i o n s  o f  added ca r b o n  and n i t r o g e n ,  ( 6 ) n e g l i ­
g i b l e  or  no n i t r o g e n  l o s s  o c c u r r e d  from a p p l i e d  under
c o m p l e t e l y  a n a e r o b i c  or  a e r o b i c  c o n d i t i o n s ,  ( 7 )  t h e  p r o c e s s  o f  n i t r i f i ­
c a t i o n  and s u b s e q u e n t  d e n i t r i f i c a t i o n  a c c o u n t e d  f o r  l a r g e  l o s s e s  o f  
a p p l i e d  and s o i l  n i t r o g e n  under  w a t e r l o g g e d  c o n d i t i o n s .
I t  s h o u l d ,  h o w e v e r ,  be s t r e s s e d  t h a t  t h e  p r e s e n t  r e s u l t s  r e f e r  t o  
a r e s t r i c t e d  w a t e r l o g g e d  s y s t e m  c o n f i n e d  t o  a 1 0 0 -gram s o i l  s y s t e m  
i n c u b a t e d  under l a b o r a t o r y  c o n d i t i o n s .  T h e r e f o r e ,  th e  c o n c l u s i o n s  c a n n o t
s a f e l y  be  drawn on  t h e  m a g n i tu d e  o f  n i t r o g e n  l o s s  t h a t  would  be e n c o u n t e r e d  
under f i e l d  c o n d i t i o n s .  I t  w i l l ,  h o w e v e r ,  be  e x p e c t e d  t h a t  under f i e l d  
c o n d i t i o n s  t h e  l o s s  from NH^+ n i t r o g e n  may be r e d u c e d  c o n s i d e r a b l y  due  
t o  c o n t i n u o u s  NH^+ u p ta k e  by t h e  r i c e  p l a n t  t h e r e b y  l e a v i n g  r e l a t i v e l y  
l ow er  amounts  o f  NH^+ a v a i l a b l e  f o r  t h e  p r o c e s s  o f  n i t r o g e n  l o s s .  I t  
i s  a l s o  p o s s i b l e  t h a t  t h e  o x i d i z e d  r h i z o s p h e r e  o f  r i c e  r o o t s  may e v e n  
a c c e l e r a t e  t h e  p r o c e s s  o f  n i t r i f i c a t i o n  and d e n l t r i f i c a t l o n .  F u r t h e r  
s t u d i e s  a r e  n e e d e d  t o  u n d e r s t a n d  t h e  im p a c t  o f  th e  g r o w in g  r i c e  p l a n t  on  
t h e  m a g n i t u d e  o f  n i t r o g e n  l o s s  i n  a w a t e r l o g g e d  s o i l  s y s t e m .
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E . L o s s e s  o f  N i t r o g e n  Under A l t e r n a t e  S ubm ergence  and D r y in g  C o n d i t I o n a
The r e s u l t s  o f  t h i s  e x p e r i m e n t  r e p r e s e n t i n g  t h e  c h a n g e s  i n  n i t r o g e n  
m easu red  a t  the  end o f  e a c h  s u b m e r g e n c e - d r y i n g  h a l f  c y c l e  a r e  I l l u s t r a t e d  
i n  F i g u r e s  17 and 18 .  Changes  i n  l a b e l l e d  i n o r g a n i c  n i t r o g e n  a t  t h e  end  
o f  e a c h  c o m p l e t e  c y c l e  a r e  shown i n  F i g u r e  18 ,  T o t a l  n i t r o g e n  l o s s e s  
a s  w e l l  a s  l o s s e s  from a p p l i e d  n i t r o g e n ,  o v e r  a s u b m e r g e n c e  and d r y i n g  
I n c u b a t i o n  p e r i o d  o f  f o u r  m o n t h s ,  a r e  summarized  i n  T a b l e  4 .  The c o n ­
t i n u o u s  s u b m er g en ce  and d r y i n g  o f  the  s o i l  s a m p l e s  r e s u l t e d  i n  a t r e m e n ­
dous  l o s s  o f  t o t a l  and a p p l i e d  n i t r o g e n  r e g a r d l e s s  o f  t h e  number o f  
c y c l e s  i t  u n d e r w e n t .  About  158 ppm and 135 ppm n i t r o g e n ,  a c c o u n t i n g  
f o r  1 6 . 6  p e r  c e n t  and 1 4 . 3  per  c e n t  o f  th e  t o t a l  n i t r o g e n ,  was l o s t  
r e s p e c t i v e l y  from 3 0 - d a y  and 4 0 - d a y  s u b m er g en ce  and d r y i n g  c y c l e  t r e a t ­
m e n t s .  S l i g h t l y  h i g h e r  l o s s e s  o f  n i t r o g e n  un der  t h e  3 0 - d a y  t r e a t m e n t  
d u r i n g  th e  same i n c u b a t i o n  p e r i o d  may h a v e  b e e n  due t o  t h e  one  a d d i t i o n a l  
su bm ergen ce  and d r y i n g  c y c l e  i t  u n d e r w e n t .  A n o t h e r  i m p o r t a n t  f e a t u r e  o f  
t h i s  l o s s  i s  t h a t  much more n i t r o g e n  was  l o s t  from t h e  s o i l  a s  a r e s u l t  
o f  s u b m er g en ce  and d r y i n g  than  was a c t u a l l y  m i n e r a l i z e d ,  a s  (NH^+  +
N03  ) - N  i n  a c o r r e s p o n d i n g  t r e a t m e n t  under  c o n t i n u o u s  optimum m o i s t u r e  
c o n d i t i o n s  ( e x p e r i m e n t  2 ) .  S i n c e  th e  m os t  p r o b a b l e  pathway o f  n i t r o g e n  
l o s s  i n v o l v e s  th e  f o r m a t i o n  o f  NO  ̂ and i t s  s u b s e q u e n t  d e n i t r i f i c a t l o n ,  
i t  c a n  be i n f e r r e d  t h a t  more m i n e r a l i z a t i o n  o f  o r g a n i c  n i t r o g e n  o c c u r r e d  
under a l t e r n a t e  w a t e r l o g g e d  and d r y i n g  c o n d i t i o n s  than  in  a c o n t i n u o u s ­
l y  a e r a t e d  s o i l .  The e f f e c t  o f  a l t e r n a t e  su bm er gen ce  and d r y i n g  on t h e  
i n c r e a s e d  m i n e r a l i z a t i o n  o f  o r g a n i c  n i t r o g e n  had l o n g  b een  i n d i c a t e d  by 
R u s s e l l  and H a t c h i n s o n  ( 1 9 1 3 ) ,  and M i t s u i  ( 1 9 5 4 )  and s u b s e q u e n t l y  c o n ­
f i r m e d  by Harada ( 1 9 5 9 ,  1 9 6 8 ) ,  and P a t r i c k  and W yatt  ( 1 9 6 4 ) .
Of t h e  100 ppm a p p l i e d  NH^+ - N ,  a b o u t  4 3  t o  4 7  p e r  c e n t  was Immobi­
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F i g u r e  1 8 . L o s s e s  o f  n i t r o g e n  from a p p l i e d  
( NH^)2 ® ® 4  under a l t e r n a t e  s u b ­
m e r g e n c e  and d r y i n g  c o n d i t i o n s .
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T a b le  4 .  Changes  i n  t o t a l  and l a b e l l e d  n i t r o g e n  under a l t e r n a t e  s u b ­
mergence  and d r y i n g  c o n d i t i o n s
N i t r o g e n - ppm
T reatm e n t Form o f  
n i t r o g e n
At b e g i n n i n g  
o f  e x p e r i m e n t
At end o f  
e x p e r i m e n t
Net
L oss
Per c e n t  
l o s s
Submergence  
and 
D rying  
3 0 -d a y  c y c l e
L a b e l l e d  
I n o r g a n i c  
N
1 0 0 . 0 4 3 . 4 5 6 . 6 5 6 . 6
T o t a l
N
9 5 5 . 4 7 9 6 . 8 1 5 8 . 6 1 6 . 6
Submergence  
and 
D ryin g  
4 0 - d a y  c y c l e
L a b e l l e d
I n o r g a n i c
N
1 0 0 . 0 4 6 . 8 5 3 . 2
4
5 3 . 2
T o t a l
N
945.4 8 0 9 . 8  1 3 5 . 6  1 4 . 3
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end o f  th e  i n c u b a t i o n  p e r i o d ,  p r a c t i c a l l y  no l a b e l l e d  n i t r o g e n  was d e ­
t e c t e d  i n  th e  i n o r g a n i c  n i t r o g e n  p o o l .  T h is  i n d i c a t e s  t h a t  th e  i n o r g a n i c  
n i t r o g e n  ( N H ^  or NO^- ) i s  h i g h l y  u n s t a b l e  under m o i s t u r e  f l u c t u a t i o n s  
o f  th e  ty p e  d e s c r i b e d ,
A c l o s e  l o o k  on F i g u r e s  17 and 18 c l e a r l y  shows t h a t  most  o f  
t h e s e  l o s s e s  o c c u r r e d  d u r i n g  th e  f i r s t  two submergence  and d r y i n g  c y c l e s .  
From th e  q u a n t i t a t i v e  e v a l u a t i o n  o f  F i g u r e  17 i t  was e s t i m a t e d  
t h a t  a b o u t  81 t o  87 per  c e n t  o f  th e  t o t a l  n i t r o g e n  l o s s  o c c u r r e d  d u r i n g  
the  f i r s t  two subm ergence  and d r y i n g  c y c l e s  w i t h  a much s m a l l e r  l o s s  
o c c u r r i n g  d u r i n g  th e  s u b s e q u e n t  c y c l e s .  The p e r c e n t a g e  l o s s  d u r i n g  t h e  
f i r s t  two c y c l e s  was r e l a t i v e l y  h i g h e r  under the 4 0 - d a y  c y c l e  t r e a t m e n t  
(87  p er  c e n t )  th an  under th e  3 0 -d a y  c y c l e  (81 per  c e n t ) .  T h is  may be
due t o  th e  l o n g e r  d u r a t i o n  o f  ea ch  d r y i n g  and submergence  h a l f  c y c l e
i n  th e  c a s e  o f  the  fo r m e r ,  r e s u l t i n g  i n  the more n i t r a t e  f o r m a t i o n  and 
h e n c e  the more s u b s e q u e n t  d e n i t r i f i c a t i o n .  S i m i l a r l y ,  the  i n t e r p r e t a ­
t i o n  o f  d a ta  i n  F i g u r e  18 i n d i c a t e  t h a t  92 to  99 p e r  c e n t  o f  t h e
t o t a l  l o s s  from th e  a p p l i e d  n i t r o g e n  o c c u r r e d  d u r i n g  th e  f i r s t  two
e y e l e s .
T h e s e  r e s u l t s  i n  g e n e r a l  c o n f i r m ,  w i t h  a t r a c e r  t e c h n i q u e ,  th e  e a r ­
l i e r  work o f  P a t r i c k  and Wyatt ( 1 9 6 4 )  who l i k e w i s e  showed t h a t  l a r g e  
l o s s e s  o f  t o t a l  n i t r o g e n  o c c u r r e d  a s  a r e s u l t  o f  submergence  and d r y i n g  
and t h a t  m ost  o f  t h e s e  l o s s e s  o c c u r r e d  d u r in g  t h e  f i r s t  two c y c l e s .  In  
a d d i t i o n  t o  t h i s ,  t h e  r e s u l t s  o f  t h i s  s t u d y  c l e a r l y  d e m o n s t r a t e  t h e  
h i g h l y  u n s t a b l e  n a t u r e  o f  t h e  i n o r g a n i c  n i t r o g e n  p o o l  and p a r t i c u l a r l y  
t h a t  o f  a p p l i e d  NH^+ -N under a l t e r n a t e  submergence  and d r y i n g  c o n d i t i o n s .  
Out o f  45  p e r  c e n t  o f  NH^+ -N l e f t  a f t e r  th e  i n i t i a l  i m m o b i l i z a t i o n ,  o n l y  
t r a c e  amounts (1 t o  3 p e r  c e n t )  w ere  d e t e c t e d  i n  the  I n o r g a n i c  p o o l  a t  
th e  end o f  th e  i n c u b a t i o n .  F u r t h e r ,  i n t e r p r e t a t i o n  o f  th e  d a ta
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( F l g u t e  18) c l e a r l y  d e m o n s t r a t e  t h e  r o l e  o f  added  r i c e  s t r a w  i n  c o n -
+
s e r v i n g  t h e  added  NH  ̂ -N a g a i n s t  l o s s e s  from m o i s t u r e  f l u c t u a t i o n s .  As 
i n d i c a t e d  e a r l i e r ,  a b o u t  4 3  p e r  c e n t  o f  a p p l i e d  n i t r o g e n  was i m m o b i l i z e d  
i n t o  t h e  o r g a n i c  p h a s e  and a p p a r e n t l y  l i t t l e  o f  t h i s  i m m o b i l i z e d  f r a c t i o n  
was r e m i n e r a l i z e d  d u r i n g  th e  f o u r  month i n c u b a t i o n  p e r i o d .  I t  i s  p o s s i ­
b l e  t h a t  i n  t h e  a b s e n c e  o f  added r i c e  s t r a w  most  o f  t h i s  i m m o b i l i z e d  
n i t r o g e n  w ould  o t h e r w i s e  have  b e e n  l o s t  due  t o  th e  s u b m er g en ce  and d r y ­
i n g  t r e a t m e n t .  F i n a l l y ,  t h e  d a t a  i n d i c a t e d  t h a t  i n c r e a s i n g  t h e  number 
o f  s u b m er g en ce  and d r y i n g  c y c l e s  w i t h i n  t h e  same i n c u b a t i o n  p e r i o d  m ig h t  
i n c r e a s e  t h e  l o s s  o f  t o t a l  n i t r o g e n .
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SUMMARY AND CONCLUSIONS
T r a c e r  s t u d i e s  on n i t r o g e n  t r a n s f o r m a t i o n s  w ere  made i n  C ro w ley  
s i l t  loam i n c u b a t e d  under  l a b o r a t o r y  c o n d i t i o n s  f o r  a p e r i o d  o f  f o u r  
m o n t h s .  Aimnonlum s u l f a t e  e n r i c h e d  w i t h  ^ N  was u s e d  a s  a t r a c e r  to  i n ­
v e s t i g a t e  t h e  f a t e  o f  a p p l i e d  n i t r o g e n  i n  w a t e r l o g g e d ,  optimum m o i s t u r e  
and a n a e r o b i c  ( a i r  r e p l a c e d  w i t h  a r g o n )  s o i l  s y s t e m s .  S t u d i e s  w ere  a l s o  
made on t h e  m i n e r a l i z a t i o n  o f  o r g a n i c  n i t r o g e n  under  w a t e r l o g g e d  and 
optimum m o i s t u r e  c o n d i t i o n s .  T r a c e r  I n v e s t i g a t i o n s  w e r e  m a i n l y  c o n c e r n e d  
w i t h  t h e  i m m o b i l i z a t i o n - m i n e r a l i z a t i o n  r e l a t i o n s h i p ,  r e m i n e r a l t z a t i o n  o f  
i m m o b i l i z e d  l a b e l l e d  n i t r o g e n ,  a b s o l u t e  n i t r o g e n  t u r n o v e r  r a t e s ,  and t h e  
d i s t r i b u t i o n  o f  a p p l i e d  n i t r o g e n  i n t o  d i f f e r e n t  c h e m i c a l  f r a c t i o n s .  
N i t r o g e n  l o s s e s  from a p p l i e d  ( ^ N H ^ ^ S O ^  and n a t i v e  s o i l  n i t r o g e n  w ere  
m ea s u red  i n  a w a t e r l o g g e d  s o i l  s y s t e m  and under s u c c e s s i v e  c y c l e s  o f  
s u b m er g en ce  and d r y i n g .
The d a t a  on t h e  m i n e r a l i z a t i o n  r a t e s  o f  o r g a n i c  n i t r o g e n  a t  v a r i o u s  
C:N r a t i o s  ( 1 5 : 1 ,  2 1 : 1 ,  3 5 : 1  and 9 2 : 1 )  o f  added p l a n t  m a t e r l l  i n d i c a t e d  
t h a t  t h e  i n o r g a n i c  n i t r o g e n  a c c u m u l a t e d  a t  a h i g h e r  r a t e  under w a t e r ­
l o g g e d  than  u n der  optimum m o i s t u r e  c o n d i t i o n s .  The d i f f e r e n c e  b e t w e e n  
t h e  two m o i s t u r e  r e g i m e s  was more p ro n o u nc ed  a t  th e  h i g h e r  C:N r a t i o s  
( 2 1 : 1 ,  3 5 : 1 )  th a n  a t  a low er  C:N r a t i o  ( 1 5 : 1 ) ,  and p e r s i s t e d  f o r  a b o u t  
two months  o f  I n c u b a t i o n .  T h i s  was f o l l o w e d  by a g r a d u a l  d e c l i n e  i n  
ammonium a c c u m u l a t i o n  under  w a t e r l o g g e d  c o n d i t i o n s  i n  c o n t r a s t  t o  a r a p i d  
i n c r e a s e  i n  I n o r g a n i c  n i t r o g e n  under  optimum m o i s t u r e  c o n d i t i o n s .  The  
i n i t i a l  r a p i d  I n c r e a s e  and s u b s e q u e n t  d e c r e a s e  i n  ammonium a c c u m u l a t i o n  
under w a t e r l o g g e d  c o n d i t i o n s  compared t o  optimum m o i s t u r e  c o n d i t i o n s
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were attributed to the low nitrogen requirements of anaerobic metabolism 
and to the subsequent probable nitrogen loss, respectively.
Tracer studies on the immobilization and mineralization relation­
ship at various levels of added straw revealed that, regardless of the 
moisture regime and aeration treatment, the rate of net immobilization 
increased progressively as the amount of added straw increased. Further, 
the tracer data indicated that while net immobilization proceeded much 
more rapidly under aerobic (optimum moisture) than under anaerobic con­
ditions, net mineralization tended to dominate under anaerobic conditions. 
A precise estimate of the net mineralization of organic nitrogen under 
waterlogged conditions was seriously impaired by large losses of applied 
and native nitrogen under these conditions. However, the data on 
organic nitrogen did indicate that net mineralization values for the 
waterlogged system were of about the same or slightly lesser magnitude 
as those under optimum moisture conditions. In addition, the data pro­
vided an estimate of the 'apparent priming effect* of the added ammon­
ium and its interpretation in terms of immobllization-mlnerallzation 
relationship.
Remineralization of immobilized labelled nitrogen was, in general, 
a slow process. The rate, however, was most significant under optimum 
moisture and least pronounced under anaerobic conditions. The water­
logged treatment was intermediate between the two. The differences in 
the rate and magnitude of remineralization under optimum moisture and 
waterlogged conditions widened as the ratio between added carbon and 
nitrogen increased.
A b s o l u t e  n i t r o g e n  tu r n o v e r  r a t e s  under optimum m o i s t u r e  and a n a e r ­
o b i c  c o n d i t i o n s  were  c a l c u l a t e d  from t h e  e q u a t i o n s  o f  Kirkham and 
Bartholomew ( 1 9 5 5 ) .  M i n e r a l i z a t i o n  d om inated  i n  t h e  n o n - s t r a w  t r e a t m e n t
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b u t  i m m o b i l i z a t i o n  v a s  f a r  from n e g l i g i b l e  i n d i c a t i n g  t h a t  t h e  two o p ­
p o s i n g  p r o c e s s e s  w ere  p r o c e e d i n g  s i m u l t a n e o u s l y .  A d d i t i o n s  o f  s t r a w  
s t i m u l a t e d  i m m o b i l i z a t i o n  t o  a b o u t  3 t o  6  t i m e s  t h a t  o f  t h e  n o n - s t r a w  
t r e a t m e n t .  A n a e r o b i c  m i n e r a l i z a t i o n  p r o c e e d e d  a t  a h i g h e r  r a t e  and was  
a b o u t  2  t i m e s  t h a t  o f  a e r o b i c  m i n e r a l i z a t i o n ,  w h i l e ,  on t h e  o t h e r  hand,  
t h e  i m m o b i l i z a t i o n  was c o m p a r a t i v e l y  h i g h e r  under  a e r o b i c  c o n d i t i o n s .
In  c o n c l u s i o n ,  th e  e q u a t i o n s  d i d  g i v e  a g e n e r a l  p i c t u r e  o f  t h e  a b s o l u t e  
n i t r o g e n  t u r n o v e r  r a t e s ,  b u t  w ere  n o t  n e c e s s a r i l y  i n  s t r i c t  c o n fo r m a n c e  
w i t h  t h e  b i o l o g i c a l  e v e n t s  t a k i n g  p l a c e  i n  t h e  s y s t e m .
The d i s t r i b u t i o n  o f  a p p l i e d  n i t r o g e n  i n t o  d i f f e r e n t  c h e m i c a l  f r a c ­
t i o n s  o f  s o i l  n i t r o g e n  I n d i c a t e d  t h a t  t h e  amino a c i d - N ,  h y d r o l y z e d  NH^+ -N 
and amino s u g a r - N  w ere  t h e  m o s t  i m p o r t a n t  o r g a n i c  n i t r o g e n  f r a c t i o n s  
In term s  o f  n i t r o g e n  i m m o b i l i z a t i o n .  T o g e t h e r  t h e s e  t h r e e  f r a c t i o n s  
c o n t a i n e d  a b o u t  90  per  c e n t  o f  t h e  i m m o b i l i z e d  l a b e l l e d  n i t r o g e n  under  
a l l  c o n d i t i o n s  o f  a e r a t i o n  and m o i s t u r e  ( w a t e r l o g g e d ,  opt imum m o i s t u r e ,  
a n a e r o b i c ) .  A bou t  2 t o  3 t i m e s  a s  much added n i t r o g e n  e n t e r e d  th e  amino  
a c i d  f r a c t i o n  a s  e n t e r e d  t h e  o t h e r  o r g a n i c  f r a c t i o n s .  Only s m a l l  
amounts  o f  t h e  l a b e l l e d  N moved i n t o  t h e  humin-N f r a c t i o n .  A d d i t i o n  o f  
s t r a w  i n c r e a s e d  t h e  i m m o b i l i z a t i o n  o f  l a b e l l e d  n i t r o g e n  i n t o  o r g a n i c  
f r a c t i o n s  but  d i d  n o t  a l t e r  t h e  r e l a t i v e  d i s t r i b u t i o n  o f  i m m o b i l i z e d  
n i t r o g e n  w i t h i n  t h e  d i f f e r e n t  f r a c t i o n s  o f  t h e  o r g a n i c  p o o l .  L arge  
amounts  o f  a p p l i e d  n i t r o g e n  w ere  l o s t  under  w a t e r l o g g e d  c o n d i t i o n s  i n  
c o n t r a s t  t o  p r a c t i c a l l y  no l o s s  under opt imum m o i s t u r e  and a n a e r o b i c  
c o n d i t i o n s .  C o n s e q u e n t l y ,  a t  t h e  end  o f  t h e  i n c u b a t i o n  p e r i o d  o n l y  
s m a l l  amounts  o f  t h e  a p p l i e d  n i t r o g e n  w e r e  d e t e c t e d  i n  t h e  i n o r g a n i c  
p o o l  under  w a t e r l o g g e d  c o n d i t i o n s  a s  compared t o  t h e  l a r g e  amounts  p r e s ­
e n t  under  optimum m o i s t u r e  and a n a e r o b i c  c o n d i t i o n s .
S e v e r e  l o s s e s  ( 8 0 - 1 0 0  ppm) o f  ammonium N, e i t h e r  a p p l i e d  i n  t h e
105
form o f  f e r t i l i z e r  a t  t h e  s o i l - w a t e r  i n t e r f a c e  o r  m i n e r a l i z e d  d u r i n g  t h e  
d e c o m p o s i t i o n  o f  o r g a n i c  m a t t e r ,  o c c u r r e d  a s  a r e s u l t  o f  w a t e r l o g g i n g .  
About  85  per  c e n t  o f  t h e  t o t a l  l o s s  from t h e  a p p l i e d  n i t r o g e n  o c c u r r e d  
d u r i n g  t h e  f i r s t  two months  o f  i n c u b a t i o n .  The l o s s e s  w e r e  more p ron ou n ced  
In t h e  a b s e n c e  o f  added s t r a w  th a n  i n  i t s  p r e s e n c e .  A t  t h e  end o f  th e  
fo u r  month i n c u b a t i o n  p e r i o d  a b o u t  6 8  p e r  c e n t  o f  t h e  a p p l i e d  n i t r o g e n  
was l o s t  i n  t h e  non s t r a w  t r e a t m e n t  compared t o  a b o u t  43  p e r  c e n t  In  th e  
p r e s e n c e  o f  ad d ed  s t r a w  ( 2 5 0 0  ppm C ) . How ever ,  t h e  am ounts  o f  a v a i l a b l e  
n i t r o g e n  (NH^+ +  NO^ -N) l e f t  i n  t h e  i n o r g a n i c  p o o l  w ere  a b o u t  t h e  same 
under a l l  l e v e l s  o f  added  c a r b o n  I n d i c a t i n g  t h a t  the  r e d u c t i o n  i n  n i t r o ­
g e n  l o s s  by  added  s t r a w  r e s u l t e d  from t h e  i i w r o b i l i z a  t i o n  o f  i n o r g a n i c  
n i t r o g e n  i n t o  t h e  o r g a n i c  p h a s e .  On t h e  c o n t r a r y ,  l i t t l e  or  no n i t r o g e n  
l o s s  was o b s e r v e d  un der  t h e  a n a e r o b i c  and optimum m o i s t u r e  c o n d i t i o n s .  
N i t r o g e n  l o s s  under  w a t e r l o g g e d  c o n d i t i o n s  was v e r y  l i k e l y  c a u s e d  by 
n i t r i f i c a t i o n  o f  amnonium t o  n i t r a t e  a t  t h e  s u r f a c e  o x i d i z e d  l a y e r  and 
s u b s e q u e n t  l e a c h i n g  and d e n i t r i f i c a t i o n  o f  n i t r a t e  i n  t h e  u n d e r l y i n g  
r e d u c e d  z o n e .
Large  l o s s e s  ( 1 4 - 1 6  p e r  c e n t )  o f  t h e  t o t a l  s o i l  n i t r o g e n  o c c u r r e d  
under  s u c c e s s i v e  c y c l e s  o f  s u b m e r g e n c e  and d r y i n g ,  and w e l l  a b o v e  8 0  p er  
c e n t  o f  t h e  t o t a l  l o s s  o c c u r r e d  d u r i n g  t h e  f i r s t  two s u b m er g en ce  and  
d r y i n g  c y c l e s .  T r a c e r  d a t a  r e v e a l e d  t h a t  a p p l i e d  ammonium n i t r o g e n  was  
h i g h l y  u n s t a b l e  under t h e s e  c o n d i t i o n s  s u c h  t h a t  o n l y  a t r a c e  amount o f  
th e  a p p l i e d  n i t r o g e n  was d e t e c t e d  a t  t h e  end o f  t h e  f o u r  month i n c u b a ­
t i o n .  More f r e q u e n t  m o i s t u r e  f l u c t u a t i o n s  w i t h i n  t h e  same i n c u b a t i o n  
p e r i o d  i n c r e a s e d  t h e  l o s s  o f  n a t i v e  s o i l  n i t r o g e n  b u t  d i d  n o t  a p p r e c i ­
a b l y  e f f e c t  t h e  l o s s  o f  a p p l i e d  N, Much more n i t r o g e n  was  l o s t  from th e  
s o i l  a s  a r e s u l t  o f  s u b m e r g e n c e  and d r y i n g  th a n  was a c t u a l l y  m i n e r a l i z e d  
a s  (NH^+ + NOj ) - N  u n d e r  t h e  c o r r e s p o n d i n g  optimum m o i s t u r e  c o n d i t i o n s ,
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i n d i c a t i n g  an  i n c r e a s e d  m i n e r a l i z a t i o n  o f  s o i l  o r g a n i c  n i t r o g e n  j n d e r  
s u bm er g en ce  and d r y i n g  th a n  under  optimum m o i s t u r e  c o n d i t i o n s .
N i t r o g e n  l o s s e s  under  c o n t i n u o u s l y  w a t e r l o g g e d ,  and under  s u b ­
m e r g e n c e  and d r y i n g  c o n d i t i o n s  a r e  o f  g r e a t  s i g n i f i c a n c e  i n  t h e  n i t r o g e n  
economy o f  w a t e r l o g g e d  r i c e  s o i l s .
BIBLIOGRAPHY
A b i c h a n d a n i ,  C. T . , and S .  P a t n a i k .  1 9 5 5 .  M i n e r a l i z i n g  a c t i o n  o f  l im e  
on s o i l  n i t r o g e n  in  w a t e r l o g g e d  r i c e  s o i l s .  I n t e r n a t l  R i c e  Comn. 
News L e t t .  1 3 : 1 1 - 1 3 .
A c h a r y a ,  C. N. 1 9 3 5 a .  S t u d i e s  on  t h e  a n a e r o b i c  d e c o m p o s i t i o n  o f  p l a n t  
m a t e r i a l s .  1 .  A n a e r o b i c  d e c o m p o s i t i o n  o f  r i c e  s t r a w .  B io c h e m .
J .  2 9 : 5 2 8 - 5 4 1 .
A c h a r y a ,  C. N. 1 9 3 5 b .  S t u d i e s  on th e  a n a e r o b i c  d e c o m p o s i t i o n  o f  p l a n t
m a t e r i a l s .  11 .  Some f a c t c r s  i n f l u e n c i n g  t h e  a n a e r o b i c  d e c o m p o s i ­
t i o n  o f  r i c e  s t r a w .  B iochem .  J .  2 9 : 9 5 3 - 9 6 0 .
A c h a r y a ,  C. N. 1 9 3 5 c .  S t u d i e s  o n  t h e  a n a e r o b i c  d e c o m p o s i t i o n  o f  p l a n t
m a t e r i a l s .  111 .  C om par ison  o f  t h e  c o u r s e  o f  d e c o m p o s i t i o n  under  
a n a e r o b i c ,  a e r o b i c  and p a r t i a l l y  a e r o b i c  c o n d i t i o n s .  B iochem ,  J .  
2 9 : 1 1 1 6 - 1 1 2 0 .
Adams, A. P . ,  W. V. B a r th o lo m e w ,  and F.  E. C l a r k .  1 9 5 4 .  M easurem ent  
o f  n u c l e i c  a c i d  com p o n en ts  i n  s o i l .  S o i l  S c i .  S o c . Amer.  P r o c .  
1 8 : 4 0 - 4 6 .
A i y e r ,  P .  A. S .  1 9 2 0 .  The g a s e s  o f  swamp r i c e  s o i l s .  V. A m eth an e  
o x i d i z i n g  b a c t e r i u m  from r i c e  s o i l s .  Mem. D e p t .  A g r i c .  I n d .
5 : 1 7 3 - 1 8 0 .
A l b e r d a ,  T.  1 9 5 3 .  Growth and r o o t  d e v e l o p m e n t  o f  l o w la n d  r i c e  and i t s  
r e l a t i o n  t o  o x y g e n  s u p p l y .  P l a n t  and S o i l ,  5 : 1 - 2 8 .
A le e m ,  M. I .  H . , and M. A l e x a n d e r .  1 9 6 0 .  N u t r i t i o n  and P h y s i o l o g y  o f
N i t r o b a c t e r  a g i l l s . A p p l .  M i c r o b i o l .  8 : 8 0 - 8 4 .
A l e x a n d e r ,  M. 1 9 6 1 .  " I n t r o d u c t i o n  t o  S o i l  M i c r o b i o l o g y , "  J o h n  W i l e y  
and S o n s ,  I n c . ,  New Y o rk .
A l l i s o n ,  F .  E.  1 9 6 6 .  The f a t e  o f  n i t r o g e n  a p p l i e d  t o  s o i l s .  A d v a n c e .  
A g ro n .  1 8 : 2 1 9 - 2 5 8 .
A l l i s o n ,  F .  E . ,  and J .  H. D o e t s c h .  1 9 5 1 .  N i t r o g e n  g a s  p r o d u c t i o n  by 
th e  r e a c t i o n  o f  n i t r i t e s  w i t h  amino a c i d s  i n  s l i g h t l y  a c i d  m e d ia .  
S o i l  S c i .  S o c .  Amer. P r o c .  1 5 : 1 6 3 - 1 6 6 .
A l l i s o n ,  F .  E . ,  and E .  M. R o l l e . . 19 5 5 .  F i x a t i o n  and r e l e a s e  o f  am­
monium i o n s  by c l a y  m i n e r a l s .  S o i l  S c i .  8 0 : 4 3 1 - 4 4 1 .
A n d e r s o n ,  G. 1 9 6 1 .  E s t i m a t i o n  o f  p u r i n e s  and p y r i m i d i n e s  i n  s o i l  
humic a c i d .  S o i l  S c i .  9 1 : 1 5 6 - 1 6 1 .
107
108
B a k e r ,  H. A. 1 9 5 6 .  B a c t e r i a l  F e r m e n t a t i o n .  John W i l e y  and S o n s ,  I n c .  
New Y ork,  p .  1 8 .
B a r n e t t ,  A.  J .  G. 1954.  S i l a g e  F e r m e n t a t i o n .  A cad em ic  P r e s s ,  New 
Y ork ,  p .  1 0 1 .
B a r s h a d ,  I .  1 9 5 1 .  C a t io n  e x c h a n g e  i n  S o i l s :  1. Ammonium f i x a t i o n  and
i t s  r e l a t i o n  t o  p o t a s s i u m  f i x a t i o n  and t o  d e t e r m i n a t i o n  o f  ammonium 
e x c h a n g e  c a p a c i t y .  S o i l  S c i .  7 2 : 3 6 1 - 3 7 1 .
B a r th o lo m e w ,  W. V. 1965.  M i n e r a l i z a t i o n  and i t i m o b i l i z a t i o n  o f  n i t r o g e n  
i n  t h e  d e c o m p o s i t i o n  o f  p l a n t  and a n im a l  r e s i d u e s .  I n  Agronomy 10 .  
B a r th o lo m e w ,  W. V. and F.  E. C l a r k ,  e d s .  S o i l  N i t r o g e n .  A m er ican  
S o c i e t y  o f  Agronomy, M a d is o n ,  W l s . ,  p p .  2 8 7 - 3 0 2 .
B h u y iy a n ,  S .  1 9 4 9 .  T r a n s f o r m a t i o n s  o f  n i t r o g e n  i n  r i c e  s o i l .  S o i l  
S c i .  6 7 : 2 3 1 - 2 3 8 .
Bremiier ,  J .  M. 1 9 4 9 a .  S t u d i e s  on s o i l  o r g a n i c  m a t t e r .  P a r t  1 .  The
c h i m i c a l  n a t u r e  o f  s o i l  o r g a n i c  n i t r o g e n ,  J .  A g r .  S c i .  3 9 : 1 8 3 - 1 9 3 .
Brem ner ,  J .  M. 1 9 4 9 b .  S t u d i e s  on s o i l  o r g a n i c  m a t t e r .  P a r t  3 .  The
e x t r a c t i o n  o f  o r g a n i c  c a r b o n  and n i t r o g e n  from s o i l .  J .  A g r .  S c i .  
3 9 : 2 8 0 - 2 8 2 .
Bremner ,  J .  M. 1 9 5 1 .  A r e v i e w  o f  r e c e n t  work  on s o i l  o r g a n i c  m a t t e r .
P a r t  1.  J .  S o i l  S c i .  2 : 6 7 - 8 2 .
Brem ner ,  J .  M. 1 9 5 2 .  The n a t u r e  o f  s o i l  n i t r o g e n  c o m p l e x e s .  J .  S c i .
Food A g r .  3 : 4 9 7 - 5 0 0 .
Bremner ,  J .  M. 1 9 5 5 .  N i t r o g e n  t r a n s f o r m a t i o n  d u r i n g  b i o l o g i c a l  decom ­
p o s i t i o n  o f  s t r a w  co m p o s ted  w i t h  i n o r g a n i c  n i t r o g e n .  J .  A gr .  S c i .  
4 5 : 4 6 9 - 4 ?  5 .
Bremner ,  J .  M. 1 9 5 6 .  Some s o i l  o r g a n i c  m a t t e r  p r o b l e m s .  S o i l s  and
F e i t i l .  1 9 : 1 1 5 - 1 2 3 .
Bremner ,  J .  M. 1 9 5 8 .  D i s t r i b u t i o n  o f  t h e  form s  o f  n i t r o g e n  In s o i l  
p r o f i l e s .  Rep .  R otham sted  Exp.  1 9 5 7 ,  p .  57 .
Bremner ,  J .  M. 1 9 6 5 a .  T o t a l  n i t r o g e n .  I n  Agronomy 9 .  C. A.  B l a c k ,
e d .  M ethods  o f  S o i l  A n a l y s i s .  A m e r ic a n  S o c i e t y  o f  Agronomy,  
M a d is o n ,  W l s . ,  pp .  1 1 4 9 - 1 1 7 8 .
Bremner ,  J .  M. 1 9 6 5 b .  I n o r g a n i c  form s  o f  n i t r o g e n .  In  Agronomy 9.
C. A. B l a c k ,  e d .  M ethods  o f  S o i l  A n a l y s i s .  A m er ican  S o c i e t y  o f  
Agronomy,  M a d i s o n ,  W i s . ,  pp .  1 1 7 9 - 1 2 3 7 .
Bremner ,  J .  M. 1 9 6 5 c .  O r g a n i c  forms o f  n i t r o g e n .  I n  Agronomy 9 .  C.
A. B l a c k ,  e d .  Method o f  S o i l  A n a l y s i s .  A m er ic an  S o c .  o f  Agronomy,  
M a d is o n ,  W i s . ,  pp.  1 2 3 8 - 1 2 5 5 .
Bremner ,  J .  M. 1 9 6 5 d .  O r g a n ic  n i t r o g e n  i n  s o i l s .  I n  Agronomy 10.
B ar th o lom ew ,  W. V. and F .  E. C l a r k ,  e d s .  S o i l  N i t r o g e n ,  A m er ic an
109
S o c i e t y  o£  Agronomy, M a d is o n ,  W l s . ,  pp .  9 3 - 1 4 9 .
Bremner ,  J .  M . , and K. Shaw. 1 9 5 4 .  S t u d i e s  on t h e  e s t i m a t i o n  and d e ­
c o m p o s i t i o n  o f  amino s u g a r s  In  s o i l .  J .  A g r .  S c i ,  4 4 : 1 5 2 - 1 5 9 .
Brem ner ,  J .  M . , and K. Shaw. 1 9 5 8 a .  D e n l t r i f i c a t l o n  i n  s o i l .
1 .  M ethods  o f  I n v e s t i g a t i o n .  J .  A g r .  S c i .  5 1 : 2 2 - 3 9 .
B r o a d b e n t ,  F .  E. 1 9 5 3 .  The s o i l  o r g a n i c  f r a c t i o n .  A d v a n c e .  A g r o n .
5 : 1 5 3 - 1 8 3 .
B r o a d b e n t ,  F .  E. 1 9 5 6 .  T r a c e r  i n v e s t i g a t i o n s  o f  p l a n t  r e s i d u e  decom­
p o s i t i o n  i n  s o i l s .  U. S .  A tom ic  Comm. T I D - 7 5 1 2 ,  p p .  3 7 1 - 3 7 9 .
B r o a d b e n t ,  F .  E. 1 9 6 5 .  E f f e c t  o f  f e r t i l i z e r  n i t r o g e n  on t h e  r e l e a s e
o f  s o i l  n i t r o g e n .  S o i l  S c i .  S o c .  Amer.  P r o c .  2 9 : 6 9 2 - 6 9 6 .
B r o a d b e n t ,  F .  E.  and B. J .  S t o j a n o v l c .  1 9 5 2 .  The e f f e c t  o f  p a r t i a l
p r e s s u r e  o f  o x y g e n  on  some s o i l  n i t r o g e n  t r a n s f o r m a t i o n s .  S o i l
S c i .  S o c .  Amer. P r o c .  1 6 : 3 5 9 - 3 6 3 .
B r o a d b e n t ,  F .  E.  and K. B. T y l e r .  1 9 6 2 .  L a b o r a t o r y  and g r e e n h o u s e
i n v e s t i g a t i o n s  o f  n i t r o g e n  lximobi 1 i z a t i o n .  S o i l  S c i .  S o c .  Amer.  
P r o c .  2 6 : 4 5 9 - 4 6 2 .
B r o a d b e n t ,  F .  E. and K. B. T y l e r .  1 9 6 5 .  E f f e c t  o f  pH on n i t r o g e n  im­
m o b i l i z a t i o n  i n  two C a l i f o r n i a  s o i l s .  P l a n t  and S o i l  2 3 : 3 1 4 - 3 2 2 .
B r o a d b e n t ,  F .  E . ,  K. B. T y l e r ,  and G. N. H i l l .  1 9 5 7 .  N i t r i f i c a t i o n  o f  
am m onica l  f e r t i l i z e r s  i n  some C a l i f o r n i a  S o i l s .  H l l g a r d i a  
2 7 : 2 4 7 - 2 6 7 .
B r o e s h a r t ,  Z,  A, H. and V. M i d d e l b o e .  1 9 6 8 .  S h a l l o w  d e p t h  p l a c e m e n t  
o f  (NH4 ) 2 S 0 4  i n  submerged r i c e  s o i l s  a s  r e l a t e d  t o  g a s e o u s  l o s s e s  
o f  f e r t i l i z e r  n i t r o g e n  and f e r t i l i z e r  e f f i c i e n c y .  P l a n t  and S o i l  
2 4 ( 2 ) : 3 3 8 - 3 4 8 .
Chapman, H. D. and G. F.  L i e b i g .  1 9 5 2 .  F i e l d  and l a b o r a t o r y  s t u d i e s  
o f  n i t r i t e  a c c u m u l a t i o n  i n  s o i l s .  S o i l  S c i .  S o c .  Amer.  P r o c .
1 6 ; 2 7 6 - 2 9 2 .
Cheng,  H. H. and L. T. K u r t z .  1 9 6 3 .  C h e m ic a l  d i s t r i b u t i o n  o f  added  
n i t r o g e n  i n  s o i l s .  S o i l  S c i .  S o c .  Amer.  P r o c .  2 7 : 3 1 2 - 3 1 6 .
C l a r k ,  F .  E . ,  W. E.  B e a r d ,  and D. H. S m i t h .  19 6 0 .  D i s s i m i l a r  n i t r i f y ­
i n g  c a p a c i t i e s  o f  s o i l s  i n  r e l a t i o n  t o  l o s s e s  o f  a p p l i e d  n i t r o g e n .  
S o i l  S c i .  S o c .  Amer.  P r o c .  2 4 : 5 0 - 5 4 .
De,  P .  K. 1 9 5 6 .  S o i l  o r g a n i c  m a t t e r  w i t h  s p e c i a l  r e f e r e n c e  t o  n i t r o ­
gen  compounds In  r i c e  s o i l s .  J .  P r o c .  I n s t .  C h e m i s t s  ( I n d i a )  
2 8 : 3 5 3 - 3 6 0 .
D e , P .  K . , and M. B. M u k h e r j e e .  1 9 5 1 .  The n a t u r e  o f  o r g a n i c  n i t r o g e n  
compounds o f  r i c e  s o i l s .  I n d i a n  J .  S o i l  S c i .  2 1 : 7 7 - 9 2 .
110
D e,  P. K. and S .  N. S a r k a r .  1 9 3 6 .  T r a n s f o r m a t i o n  o f  n i t r a t e  i n  w a t e r ­
l o g g e d  s o i l .  S o i l  S c i .  4 2 : 1 4 3 - 1 5 5 .
De D a t t a ,  S .  K . , C. P.  Magnaye and J .  C. Moomaw. 1 9 6 8 .  E f f i c i e n c y  o f
f e r t i l i z e r  n i t r o g e n  ( “ N - l a b e l l e d )  f o r  f l o o d e d  r i c e .  T r a n s .  I n t e r n .  
Cong. S o i l  S c i .  9 t h  C o n g . ,  A u s t r a l i a  4 : 6 7 - 7 6 .
De G e us ,  J .  G. 1 9 5 4 .  Means o f  i n c r e a s i n g  r i c e  p r o d u c t i o n .  C e n t r e
d ' E t u d e  de I ' A z o t e ,  G e ne v a ,  S w i t z e r l a n d .
D r o u i n e a u ,  G, 1 9 6 5 .  N i t r o g e n  m e t a b o l i s m  i n  s o i l s .  A gronomic  and
c h e m i c a l  a s p e c t .  R up p l .  A n n l s .  I n s t .  P a s t e u r .  P a r i s  1 0 9 ,  No.
3 : 7 - 1 8 .
Dubber ,  H. J .  1 9 5 5 .  D i e  V e r a n d e r u n g  d e s  N i t r a t g e h a l t e s  lm Boden nach
Z u s a t z  von  S t r o h .  P h .D .  t h e s i s  H ohen he im ,  p .  8 7 .
D u i s b e r g ,  P .  C. and T. F.  B u e h r e r .  1 9 5 4 .  E f f e c t  o f  anmonia  and i t s
o x i d a t i o n  p r o d u c t s  o n  r a t e  o f  n i t r i f i c a t i o n  and p l a n t  g r o w t h .  S o i l  
S c i .  7 8 : 3 7 - 4 9 .
E n s m in g e r ,  L.  E. and R. W. P e a r s o n .  1 9 5 0 .  S o i l  n i t r o g e n .  A d v a n ce .  
A g r o n .  2 : 8 1 - 1 1 1 .
F u l l e r ,  W. H. 1 9 6 3 .  R e a c t i o n s  o f  n i t r o g e n o u s  f e r t i l i z e r s  i n  c a l c a r i o u s
s o i l s .  J .  A g r i .  Food Chem. 1 1 : 1 8 8 - 1 9 3 .
G r e e n l a n d ,  D. J .  1 9 6 2 .  D e n i t r i f i c a t i o n  i n  some t r o p i c a l  s o i l s .  J .
A g r .  S c i .  58:  2 2 7 - 2 3 3 .
H arada ,  T, 1 9 5 9 .  The m i n e r a l i z a t i o n  o f  n a t i v e  o r g a n i c  n i t r o g e n  in
paddy s o i l s  and t h e  m ech an ism  o f  i t s  m i n e r a l i z a t i o n .  B u l l .  N a t l .  
I n s t .  A g r i .  S c i .  (J a p a n )  S e r i e s  B No. 9 : 1 2 3 - 1 9 9 .
H arada ,  T.  and R. H a y a s h i .  1 9 6 8 .  S t u d i e s  on  t h e  o r g a n i c  n i t r o g e n  b e ­
com ing  d e c o m p o s a b l e  t h r o u g h  t h e  e f f e c t  o f  d r y i n g  a s o i l .  S o i l  
S c i .  P l a n t  N u t r .  1 4 : 1 3 - 1 9 .
Harmsen,  G. W. and D. A. van  S h r e v e n .  1 9 5 5 .  M i n e r a l i z a t i o n  o f  o r g a n i c  
n i t r o g e n  i n  s o i l .  A d v a n c e .  A gron .  7 : 2 9 9 - 3 9 8 .
H a r r i s o n ,  W. H. 1 9 2 0 .  The g a s e s  o f  swamp r i c e  s o i l s .  V I .  Carbon
d i o x i d e  and h y d r o g e n  i n  r e l a t i o n  t o  r i c e  s o i l s .  Mem. D e p t .  A g r i c .  
I n d .  5 : 1 8 1 - 1 9 4 .
H a r r i s o n ,  W. H. and P.  A. S .  A l y e r .  1 9 1 3 .  The g a s e s  o f  swamp r i c e
s o i l s .  1 .  T h e i r  c o m p o s i t i o n  and r e l a t i o n s h i p  t o  t h e  c r o p .  Mem.
D e p t .  A g r i c .  I n d .  3 : 6 5 - 1 0 4 .
H a r r i s o n ,  W. H. and P.  A. S .  A l y e r .  1 9 1 5 .  The g a s e s  o f  swamp r i c e
s o i l s .  I I .  T h e i r  u t i l i z a t i o n  f o r  t h e  a e r a t i o n  o f  t h e  r o o t s  o f
t h e  c r o p .  Mem. D e p t .  A g r i c .  I n d .  4 : 1 - 1 8 .
I l l
H a r r i s o n ,  W. H. and P.  A.  S .  A l y e r .  1 9 1 6 .  The g a s e s  o f  swamp r i c e  
s o i l s .  I I I .  A h y d r o g e n  o x i d i z i n g  b a c t e r i u m  from t h e s e  s o i l s .
Mem. D e p t .  A g r i c .  I n d .  4 : 1 3 5 - 1 4 8 .
Hausmann, W. 1 8 9 9 .  U eber  d i e  V e r t h e l l u n g  d e s  S t i c k s t o f f s  i n  E i w e l s s -  
m o l e k u l .  Z.  P h y s i o l .  Chem.,  H o p p e - S e y l e r 1 s , 2 7 : 9 5 - 1 0 8 .
Hauck,  R. D. and H. F .  S t e p h e n s o n .  1 9 6 5 .  N i t r i f i c a t i o n  o f  n i t r o g e n
f e r t i l i z e r s .  E f f e c t  o f  n i t r o g e n  s o u r c e ,  s i z e  and pH o f  t h e  g r a n u l e ,  
and c o n c e n t r a t i o n .  J .  A g r .  and Food Chem* 1 3 : 4 8 6 - 4 9 2 .
H l l t b o l d ,  A. E . ,  W. V. B a r th o lo m e w ,  and C. H. Werkman. 1 9 5 1 .  The u se  
o f  t r a c e r  t e c h n i q u e s  In  t h e  s i m u l t a n e o u s  m ea s u rem en t  o f  m i n e r z l i -  
z a t l o n  and i m m o b i l i z a t i o n  o f  n i t r o g e n  i n  s o i l .  S o i l  S c i .  S o c .
Amer.  P r o c .  1 5 : 1 6 6 - 1 7 3 .
H i r o s e ,  S .  and K. Kumada. 1 9 6 3 .  M i n e r a l i z a t i o n  o f  t h e  n a t i v e  o r g a n i c
n i t r o g e n .  J .  S c i .  S o i l  Manure ,  Jap an  3 4 : 3 3 9 - 3 4 4 .
H i r o s e ,  S.  and K. Kumada. 1 9 6 4 .  M i n e r a l i z a t i o n  o f  o r g a n i c  n i t r o g e n ,
n ew ly  formed i n  t h e  s o i l  under  t h e  f i e l d  c o n d i t i o n .  P a r t  2 .  N i t r o ­
g en  economy o f  paddy s o i l s .  J .  S c i .  S o i l  Manure ,  Tokyo 3 5 : 3 3 3 - 3 3 5 .
H i r o s e ,  S . ,  M. Yamada, and K. Kumada. 1 9 6 7 .  I n m o b l l i z a t i o n  o f  ammon­
ium n i t r o g e n  and i t s  r e m i n e r a l i z a t i o n  i n  t h e  s o i l  under f i e l d  
c o n d i t i o n s .  1 .  N i t r o g e n  economy o f  paddy s o i l s  ( P a r t  2 ) .  J .  S c i .
S o i l  Manure,  Tokyo 3 8 : 1 1 - 1 5 .
H u t c h i n s o n ,  H. B . , and E. H. R i c h a r d s .  1 9 2 1 .  A r t i f i c i a l  farmyard  
m anure .  M i n i s t r y  o f  A gr .  2 6 : 3 9 8 - 4 1 1 .
IAEA ( 1 9 6 6 ) .  I n t e r n .  A to m ic  E n ergy  A g e n c y ,  T e c h ,  R e p t s .  S e r .  5 5 .
1KRI ( 1 9 6 5 ) .  I n t e r n .  R i c e  R e s e a r c h  I n s t .  Los  B a n o s ,  P h i l i p p i n e s ,  Ann. R e p t .
J a n s s e n ,  G. and W. H. M e t z g e r .  1 9 2 8 .  T r a n s f o r m a t i o n  o f  n i t r o g e n  in  
r i c e  s o i l .  J .  Amer. S o c .  A g r o n .  2 0 : 4 5 9 - 4 7 6 .
J a n s s o n ,  S .  L.  1 9 5 5 .  O r i e n t i n g  s t u d i e s  on t h e  n i t r o g e n  c y c l e  I n  s o i l  
by means o f  n l t r o g e n - 1 5  a s  t h e  t r a c e r  i s o t o p e .  Z. P f l a n z e n e r n a h r  
Dung. Bodenk ,  6 9 : 1 9 0 - 1 9 8 .
J a n s s o n ,  S .  L.  1 9 5 6 .  S y n t h e s i s  and d e c o m p o s i t i o n  o f  o r g a n i c  n i t r o g e n  
in  s o i l .  N ord .  J o r d b r u g s f o r k n  3 8 : 2 4 5 - 2 4 6 .
J a n s s o n ,  S .  L. 1 9 5 6 .  T r a c e r  s t u d i e s  on n i t r o g e n  t r a n s f o r m a t i o n s  i n
s o i l  w i t h  s p e c i a l  a t t e n t i o n  t o  m i n e r a l i z e t i o n - i m m o b i l i z a t i o n  r e l a ­
t i o n s h i p s .  K u n g l .  L a n t b r .  Ann. 2 4 : 1 0 1 - 3 6 1 .
J a n s s o n ,  S .  L.  1 9 6 3 .  Use  o f  I s o t o p e s  i n  s o i l  o r g a n i c  m a t t e r  s t u d i e s  
( r e p o r t  o f  t h e  FAO/IAEA T e c h n i c a l  M e e t i n g ,  B r u n s w i c k ,  1 9 6 3 ) .
Pergamon P r e s s ,  New Y ork ,  p p .  4 1 5 - 4 2 2 .
112
J o a c h im ,  A. W. R. and S .  K an d iah .  1 9 2 9 .  L a b o r a t o r y  and f i e l d  s t u d i e s  
on g r e e n  m a n u r in g  under  p a d d y - l a n d  ( a n a e r o b i c )  c o n d i t i o n s .  T rop .  
A g r i c .  ( C e y l o n ) .  7 2 : 2 5 3 - 2 7 1 .
Kapp, L.  C. 1932 ,  P r e l i m i n a r y  r e p o r t  o n  th e  e f f e c t  o f  c e r t a i n  c h e m i c a l s
on r i c e  p r o d u c t i o n  and t h e i r  e f f e c t  o n  t h e  r i c e  s o i l s .  Ark .  A g r i c .
Exp. S t a .  B u l l .  No.  2 7 7 .
Kenney ,  D. R. and J .  M. Bremner .  1 9 6 4 .  E f f e c t  o f  c u l t i v a t i o n  on  t h e  
n i t r o g e n  d i s t r i b u t i o n  i n  s o i l s .  S o i l  S c i .  S o c .  Amer.  P r o c .  2B: 
6 5 3 - 6 5 6 .
Kirkham, D. and W. V. B a r th o lo m e w .  1 9 5 4 .  E q u a t i o n s  f o r  f o l l o w i n g  n u t r ­
i e n t  t r a n s m a t l o n s  i n  s o i l ,  u t i l i z i n g  t r a c e r  d a t a .  S o i l  S c i .  S o c .  
Amer. P r o c .  1 8 : 3 3 - 3 4 .
Kirkham, D. and W. V. B a r th o lo m ew .  1 9 5 5 .  E q u a t i o n s  f o r  f o l l o w i n g  n u t r ­
i e n t  t r a n s f o r m a t i o n s  i n  s o i l ,  u t i l i z i n g  t r a c e r  d a t a .  11 .  S o i l  
S c i .  S o c .  Amer.  P r o c .  1 9 : 1 8 9 - 1 9 2 .
Koj lm a,  R. T.  1 9 4 7 .  a .  S o i l  o r g a n i c  n i t r o g e n :  1 .  N a t u r e  o f  t h e  o r g a n i c  
n i t r o g e n  i n  a muck s o i l  from G ene va ,  New York.  S o i l  S c i .  6 4 : 1 5 7 -  
165 .
Kononova,  M. M. 1 9 6 1 .  " S o i l  O rgan ic  M a t t e r , "  Pergamon P r e B s ,  I n c . ,
New York.
K r i s h n a m o o r t h y , K. K. and D. J .  D u r a l r a j .  1 9 6 8 .  Amino a c i d  d i s t r i b u ­
t i o n  p a t t e r n  i n  s o i l s .  Madras A g r i c .  J .  5 5 : 1 3 4 - 1 4 9 .
L o p e z ,  A. B. and N. L.  G a l v e z .  1 9 5 8 .  The m i n e r a l i z a t i o n  o f  th e  o r g a n i c  
m a t t e r  o f  some P h i l i p p i n e  s o i l s  under  submerged c o n d i t i o n s .  
P h i l i p p i n e  A g r i c .  4 2 : 2 8 1 - 2 9 1 .
M a r t i n ,  W. P . ,  T.  F .  B u e h r e r ,  and A. B. C a s t e r .  1 9 4 3 .  T h r e s h h o l d  pH
v a l u e  f o r  t h e  n i t r i f i c a t i o n  o f  ammonia i n  d e s e r t  s o i l s .  S o i l  S c i .  
S o c .  Amer. P r o c .  ( 1 9 4 2 )  7 : 2 2 3 - 2 2 8 .
M e r z a r l ,  A. H. and H. B r o e s h a r t .  1 9 6 8 .  P r o c .  Symposium I s o t o p e  B t u d i e s  
on t h e  n i t r o g e n  c h a i n ,  IAEA V i e n n a ,
M i k k e l s e n ,  D. S .  and D. C. F l n f r o c k .  1 9 5 7 .  A v a i l a b i l i t y  o f  ammonlca l  
n i t r o g e n  t o  l o w la n d  r i c e  a s  I n f l u e n c e d  by f e r t i l i z e r  p l a c e m e n t .  
A gron .  J .  4 9 : 2 9 6 - 3 0 0 .
M i t s u i ,  S .  1 9 5 4 .  I n o r g a n i c  n u t r i t i o n ,  f e r t i l i z a t i o n ,  and a m e l i o r a t i o n  
f o r  lo w la n d  r i c e .  Yokendo L t d .  T ok yo .
M i t s u i ,  S .  and K. O ta .  1 9 5 0 .  U t i l i z a t i o n  o f  n i t r o g e n - 15 a s  a t r a c e r  
e l e m e n t  i n  t h e  s t u d i e s  o f  n i t r o g e n  t r a n s f o r m a t i o n  i n  s o i l .  J .
S c i .  S o i l  Manure,  J ap an  2 1 : 8 3 - 8 5 .
M o l l e n h o f f ,  H. H . , F .  B. S m i t h ,  and P.  E.  Brown. 1 9 3 6 .  P r o c .  Iowa 
A ca d .  S c i .  4 3 : 1 1 7 - 1 2 1 .  ( q u o t e d  by A l e x a n d e r  1 9 6 1 ) .
113
Nommik, H. 1 9 5 7 .  F i x a t i o n  and d e f i x a t i o n  o f  ammonium i n  s o i l s .  A c t a .  
A gr .  S c a n d .  7 : 3 9 5 - 4 3 $ .
Nommik, H. and K. N i l s s o n .  1 9 6 3 .  F i x a t i o n  o f  anmonla  by t h e  o r g a n i c  
f r a c t i o n  o f  t h e  s o i l .  A c t a .  A g r .  S c a n d .  1 3 : 3 7 1 - 3 9 0 .
O v e r r e i n ,  L. N. and F .  E .  B r o a d b e n t .  1 9 6 4 .  I m m o b i l l e e t i o n  and m i n e r a l i ­
z a t i o n  o f  t r a c e r  n i t r o g e n  i n  f o r e s t  s o i l s  on  N o r t h e r n  C a l i f o r n i a .  
E i g h t h  I n t e r n a t i o n a l  C o n g r e s s  o n  S o i l  S c i e n c e ,  B u c h a r e s t .
P a t n a i k ,  S .  1 9 6 5 .  N l t r o g e n - 1 5  t r a c e r  s t u d i e s  on  t h e  t r a n s f o r m a t i o n  o f  
a p p l i e d  n i t r o g e n  i n  subm erged  r i c e  s o i l s .  P r o c .  I n d .  A c a d .  S c i .
S o c .  B 6 1 ( l ) 2 5 - 3 0 .
P a t r i c k ,  W. H. and I .  C. M a h a p a tr a .  1 9 6 8 .  T r a n s f o r m a t i o n  and a v a i l ­
a b i l i t y  o f  n i t r o g e n  and p h o s p h o r u s  i n  w a t e r l o g g e d  s o i l s .  A d van ce .  
A g r o n ,  2 0 : 3 2 3 - 3 5 9 .
P a t r i c k ,  W. H. and R. J .  M l e a r s .  1 9 6 0 .  D ep th  o f  p l a c e m e n t  and s o u r c e  
o f  n i t r o g e n  f e r t i l i z e r  a s  f a c t o r s  i n  t h e  p r o d u c t i o n  o f  r i c e .  A.  
P r o g .  Rep.  R i c e  Exp. S t n .  C r o w l e y ,  La.  5 1 : 9 0 - 9 5 .
P a t r i c k ,  W. H. and R. W y a t t .  1 9 6 4 .  S o i l  n i t r o g e n  l o s s  a s  a r e s u l t  o f  
a l t e r n a t e  s u b m er g en ce  and d r y i n g .  S o i l  S c i .  S o c .  Amer.  P r o c .  28:  
6 4 7 - 6 5 3 .
P a t r i c k ,  W. H . , F .  J .  P e t e r s o n ,  J .  E.  S e a h o lm ,  M. D. F a u lk n e r  and R. J .  
M i e a r s .  1 9 6 7 .  P l a c e m e n t  o f  n i t r o g e n  f e r t i l i z e r s  f o r  r i c e .
L o u i s i a n a  S t a t e  U n i v .  A g r i c .  Exp .  S t n .  B u l l .  6 1 9 : 3 - 1 9 .
P e a r s a l l ,  W. H. 195C. The i n v e s t i g a t i o n  o f  w e t  s o i l s  and i t s  a g r i c u l ­
t u r a l  i m p l i c a t i o n s .  Emp. J .  A g r .  1 8 : 2 8 9 - 2 9 8 *
P e a r s a l l ,  W. H. and C. H. M o r t i m e r .  1 9 3 9 .  O x i d a t i o n - r e d u c t  i o n  p o t e n t ­
i a l s  i n  w a t e r l o g g e d  s o i l s ,  n a t u r a l  w a t e r s  and m uds.  J .  E c o l .  27:  
4 8 3 - 5 0 1 .
Ponnamperuma, F .  N. 1 9 5 5 .  The c h e m i s t r y  o f  submerged s o i l s  i n  r e l a t i o n  
t o  t h e  grow th  and y i e l d  o f  r i c e .  P h .D .  d i s s e r t a t i o n ,  C o r n e l l  
U n i v e r s i t y ,  I t h a c a ,  New Y ork .
R eed ,  F.  J .  and M. B.  S t u r g i s .  1 9 3 7 .  A s t u d y  o f  th e  f e r t i l i z a t i o n  o f  
r i c e .  L a f a y e t t e  A gr .  Exp. S t a .  B u l l .  2 9 2 ,  25 p p .
R e g e .  1 9 2 7 .  Ann. A p p l .  B i o l .  1 4 : 1  ( q u o t e d  by A c h a r y a ,  1 9 3 5 c ) .
R e n d i n g ,  V. V. 1 9 5 1 .  F r a c t i o n a t i o n  o f  s o i l  n i t r o g e n  and f a c t o r s  a f f e c t ­
i n g  d i s t r i b u t i o n .  S o i l  S c .  7 1 : 2 5 3 - 2 6 7 .
R i c h a r d s ,  E.  H. and A. G. Norman. 1 9 3 1 .  The b i o l o g i c a l  d e c o m p o s i t i o n  
o f  p l a n t  m a t e r i a l s .  V. Some f a c t o r s  d e t e r m i n i n g  t h e  q u a n t i t y  o f  
n i t r o g e n  I m m o b i l i z e d  d u r i n g  d e c o m p o s i t i o n .  B iochem .  J* 25:  1 7 6 9 -  
1 7 7 8 .
114
R l t t e n b e r g ,  D. 1 9 4 6 .  The p r e p a r a t i o n  o f  g a s  s a m p l e s  f o r  m a s s - s p e c t r o -  
g r a p h i c  i s o t o p e  a n a l y s i s .  Symposium: P r e p a r a t i o n  and Measurement  
o f  I s o t o p i c  T r a c e r s .  Ann. A r b o r ,  p p .  3 1 - 4 2 .
R o th a m sted  E x p e r i m e n t a l  S t a t i o n .  1965  A nn u a l  R e p o r t . .
R u s s e l l ,  E. J .  and H. B,  H a t c h i n s o n .  1 9 1 3 .  J .  A g r i c .  S c i .  5 : 1 5 2  ( q u o te d  
by M i t s u i ,  1 954 )  .
R u s s e l l ,  E. J .  and E. H. R i c h a r d s ,  1 9 1 7 .  The c h a n g e s  t a k i n g  p l a c e  d u r ­
i n g  th e  s t o r a g e  o f  farm yard  m anure .  J .  A g r i .  S c i .  8 : 4 9 5 - 5 6 3 .
R u s s e l l ,  E. W. 1 9 6 1 .  S o i l  C o n d i t i o n s  and P l a n t  Growth,  Ed. 9 .  Longmans,  
Green and C o . ,  L t d . ,  London.
S c h e f f e r ,  F .  and B. U l r i c h .  1 9 6 0 .  Humum and Humusdungung. F e r d i n a n d  
Enke,  S t u t t g a r t ,  p p .  3 9 - 1 2 5 .
S h i o i r i ,  M. and S .  M i t s u i .  1 9 3 5 .  j .  S c i .  S o i l  and Manure,  J a p a n .  
9 : 2 6 1 - 2 6 8  ( q u o t e d  by M i t s u i ,  1 9 5 4 ) ,
S h i o i r i ,  M, and T. Tanada.  1 9 5 4 .  The c h e m i s t r y  o f  paddy s o i l s  i n  J a p a n .  
M i n i s t r y  o f  A g r i c u l t u r e  and F o r e s t r y .  Tokyo.
S i n g h ,  S .  and P.  K. S i n g h .  1 9 6 0 .  D i s t r i b u t i o n  o f  h e x o s a m i n e s  i n  some  
s o i l s  o f  U t t e r  P a r a d e s h .  J .  I n d i a n  S o c .  S o i l  S c i .  8 : 1 2 5 - 1 2 8 .
S i r c a r ,  S .  S .  G . , S .  C. D e ,  and H. D. Bhowmlck.  1 9 4 0 .  M i c r o b i o l o g i c a l  
d e c o m p o s i t i o n  o f  p l a n t  m a t e r i a l s .  1 1 .  A n o t e  on th e  c h a n g e s  i n  th e  
m e t h o x y l  and n i t r o g e n  c o n t e n t  o f  t h e  l l g n l n  o f  r i c e  s t r a w  d u r i n g  
i t s  d e c o m p o s i t i o n  by m i c r o o r g a n i s m s .  I n d .  J .  A g r i c .  S c i .  10:
1 5 2 - 1 5 7 .
S i r c a r ,  S .  S .  G . ,  S .  C. De and H. D. Bhowmlck.  1 9 4 0 .  M i c r o b i o l o g i c a l  
d e c o m p o s i t i o n  o f  p l a n t  m a t e r i a l s .  1 .  I n d .  J .  A g r i c .  S c i .  1 0 : 1 1 9 -  
151 .
S o u l i d e s , D. A. and F.  E.  C l a r k .  1 9 5 8 .  N i t r i f i c a t i o n  i n  g r a s s l a n d
s o i l s .  S o i l  S c i .  S o c .  Amer.  P r o c .  2 2 : 3 0 8 - 3 1 1 ,
Sowuen, F .  J .  1 9 5 6 .  D i s t r i b u t i o n  o f  amino a c i d s  i n  s e l e c t e d  h o r i z o n s  
o f  s o i l  p r o f i l e s .  S o i l  S c i .  8 2 : 4 9 1 - 4 9 6 .
Sowden, F .  J .  1 9 5 8 .  The form s  o f  n i t r o g e n  i n  the  o r g a n i c  m a t t e r  o f  
d i f f e r e n t  h o r i z o n s  o f  s o i l  p r o f i l e s .  Canad. J .  S o i l  S c i .  38:
1 4 7 - 1 5 4 .
Sowden,  F.  J ,  and K. C. I v a r s o n .  1 9 5 9 .  D e c o m p o s i t i o n  o f  f o r e s t  l i t t e r s .
I I .  C hanges  i n  t h e  N i t r o g e n o u s  c o n s t i t u e n t s .  P l a n t  and S o i l  11:
2 4 9 - 2 6 1 .
S t e v e n s o n ,  F .  J .  1 9 5 4 .  I o n  e x c h a n g e  c h r o m a to g r a p h y  o f  t h e  amino a c i d s  
In  s o i l  h y d r o l y z e t e s . S o i l  S c i .  Soc* Amer.  P r o c .  1 8 : 3 7 3 - 3 7 7 .
115
S t e v e n s o n ,  F. J .  1 9 5 6 .  E f f e c t  o f  some l o n g  t i m e  r o t a t i o n s  on t h e  amino
a c i d  d e c o m p o s i t i o n  o f  t h e  s o i l .  S o i l  S c i .  S o c .  Amer.  P r o c .  20:  
2 0 4 - 2 0 8 .
S t e v e n s o n ,  F. J .  1 9 5 7 .  D i s t r i b u t i o n s  o f  th e  form s  o f  n i t r o g e n  i n  some
s o i l  p r o f i l e s .  S o i l  S c i .  S o c .  Amer.  P r o c .  2 1 : 2 8 3 - 2 8 7 .
S t e v e n s o n ,  F. J .  1 9 6 0 .  C h e m ic a l  n a t u r e  o f  t h e  n i t r o g e n  i n  f u l v i c  f r a c ­
t i o n  o f  s o i l  o r g a n i c  m a t t e r .  S o i l  S c i .  S o c .  Amer.  P r o c .  2 4 : 4 7 2 -  
4 7 7 .
S t e v e n s o n ,  F. J .  an d  0 .  C. B r a i d s .  1 9 6 8 .  V a r i a t i o n  i n  t h e  r e l a t i v e  
d i s t r i b u t i o n  o f  amino s u g a r s  w i t h  d e p t h  i n  some s o i l  p r o f i l e s .
P r o c .  S o i l  S c i .  S o c .  Amer.  3 2 : 5 9 8 - 6 0 0 .
S t e v e n s o n ,  F. J .  and A. P.  S .  D h a r i w a l .  1 9 5 9 .  D i s t r i b u t i o n  o f  f i x e d  
ammonium in  s o i l s .  S o i l  S c i .  S o c .  Amer.  P r o c .  2 3 : 1 2 1 - 1 2 5 ,
S t e v e n s o n ,  I .  L. 1 9 6 4 .  B i o c h e m i s t r y  o f  s o i l  p p .  2 4 2 - 2 9 1  i n  F . E.  Bear
[Ed^ C h e m is tr y  o f  t h e  S o i l .  R e l n h o l d  P u b l .  C o r p . ,  New Y o r k .
S t e w a r t ,  B. A . ,  L.  K. P o r t e r ,  and D. D. J o h n s o n .  1 9 6 3 .  I m m o b i l i z a t i o n  
and m i n e r a l i z a t i o n  o f  n i t r o g e n  i n  s e v e r a l  o r g a n i c  f r a c t i o n s  o f  
s o i l .  S o i l  S c i *  S o c ,  Amer.  P r o c .  2 7 : 3 0 2 - 3 0 4 .
S t o j a n o v i c ,  F. J .  an d  F.  E.  B r o a d b e n t .  1 9 5 6 .  I m m o b i l i z a t i o n  and m in ­
e r a l i z a t i o n  r a t e s  o f  n i t r o g e n  d u r i n g  d e c o m p o s i t i o n  o f  p l a n t  r e s i d u e s  
i n  s o i l .  S o i l  S c i .  Amer.  P r o c .  2 0 : 2 1 3 - 2 1 8 .
S t o j a n o v i c ,  B. J .  and F.  E.  B r o a d b e n t .  1 9 6 0 .  R e c o v e r y  o f  ammonium 
n i t r o g e n  from s o i l s .  S o i l  S c i .  9 0 : 9 3 - 9 7 .
S u b b i a h ,  B.  V. and J .  C. B a j o j .  1 9 6 2 .  A s o i l  t e s t  p r o c e d u r e  f o r  a s s e s s ­
m en t  o f  a v a i l a b l e  n i t r o g e n  i n  r i c e  s o i l s .  Curr .  S c i .  3 1 : 1 9 6 ,
Subrahmanyan,  V. 1 9 2 9 .  B i o c h e m i s t r y  o f  w a t e r l o g g e d  s o i l s .  I I I .  De­
c o m p o s i t i o n  o f  c a r b o h y d r a t e s  w i t h  s p e c i a l  r e f e r e n c e  to  f o r m a t i o n  
o f  o r g a n i c  a c i d s .  J .  A g r i c .  R e s .  1 9 : 6 2 7 - 6 4 8 .
T s k a i ,  Y. and T. Koyama. 1 9 5 6 .  C o m p o s i t i o n  o f  g a s e s  and o r g a n i c  a c i d s  
c o n t a i n e d  i n  paddy s o i l s .  J .  S c i .  S o i l  Manure ,  J a p a n  2 6 : 5 0 9 - 5 1 2 .
T a k i j i m a ,  Y. 1 9 5 9 .  S t u d i e s  on S o l i d  o f  p e a t y  paddy f i e l d s  v .  T r a n s ­
f o r m a t i o n  o f  n i t r o g e n  a d d e d  t o  f l o o d e d  S o i l .  J .  S c i .  S o i l  Manure,  
J a p a n  2 9 : 4 2 5 - 4 6 0 ,
T e n n e y ,  F .  G. and S ,  A. Waksman. 1 9 3 0 .  C o m p o s i t i o n  o f  n a t u r a l  o r g a n i c  
m a t e r i a l s  and t h e i r  d e c o m p o s i t i o n  i n  t h e  s o i l .  V.  D e c o m p o s i t i o n  
o f  v a r i o u s  c h e m i c a l  c o n s t i t u e n t s  i n  p l a n t  m a t e r i a l s  u n de r  a n a e r o b i c  
c o n d i t i o n s .  S o i l  S c i .  3 0 : 1 4 3 - 1 6 0 .
T y u r i n ,  I .  V. 1 9 3 7 .  O r g a n l c h e s k a e  V e s c h e s t o  Pochv  ( S o i l  O r g a n ic  M a t t e r ) .  
Moscow.
116
Van Den H end e ,  A.  1 9 6 3 .  The I n c o r p o r a t i o n  o f  n i t r o g e n  I n  t h e  o r g a n i c  
m a t t e r  In  t h e  s o i l ;  p o s s i b i l i t i e s  f o r  u s i n g  n i t r o g e n - 1 5 .  In  t h e  
U se  o f  I s o t o p e s  In S o i l  O r g a n ic  M a t t e r  S t u d i e s  ( R e p o r t  o f  t h e  
FAO/IAEA T e c h n i c a l  M e e t i n g ,  B r u n s w i c k ,  1 9 6 3 )  Pergamon P r e s s ,  New 
Y o rk ,  p p .  3 1 9 - 3 2 7 .
Van S l y k e ,  D. D. 1 9 1 1 - 1 2 .  The a n a l y s i s  o f  p r o t e i n s  by d e t e r m i n a t i o n
o f  t h e  c h e m i c a l  g r o u p s  c h a r a c t e r i s t i c  o f  t h e  d i f f e r e n t  amino a c i d s .  
J .  B i o l .  Chem. 1 0 : 1 5 - 5 5 .
Van S l y k e ,  D. D. 1 9 1 5 .  Im provem en ts  i n  t h e  m eth o d s  o f  a n a l y s i s  o f
p r o t e i n s  by d e t e r m i n a t i o n  o f  th e  c h e m i c a l  g r o u p s  c h a r a c t e r i s t i c  o f  
t h e  d i f f e r e n t  amino a c i d s .  J .  B i o l .  Chem. 2 2 : 2 8 1 - 2 8 5 .
Waksman, S .  A.  1 9 3 8 .  "Humus," 2nd e d .  , The W i l l  lame and W i l k i n s  C o . ,  
B a l t i m o r e .
W ald ron ,  A.  C. and J .  L.  M o r t e n s e n .  1 9 6 1 .  S o i l  n i t r o g e n  c o m p l e x e s .
I I .  E l e c t r o p h o r e t i c  s e p a r a t i o n  o f  o r g a n i c  c o m p o n e n t s .  S o i l  S c i .  
S o c .  Amer.  P r o c .  2 5 : 2 9 - 3 2 .
W a l l a c e ,  A. and R. L. S m i t h .  1 9 5 4 .  N i t r o g e n  i n t e r c h a n g e  d u r i n g  decom­
p o s i t i o n  o f  o r a n g e  and a v o c a d o  t r e e  r e s i d u e s  i n  s o i l .  S o i l  S c i .  
7 8 : 2 3 1 - 2 4 2 .
W a lu n j k a r ,  W. J . ,  W. V. B a r th o lo m e w ,  and W. G. W o l t z .  1 9 5 9 .  N i t r o g e n  
i n t e r c h a n g e  i n  s o i l  a s  a f f e c t e d  by s o i l  t y p e ,  s o u r c e  and r a t e  o f  
n i t r o g e n  a d d i t i o n ,  m o i s t u r e  and t im e  o f  i n c u b a t i o n .  J .  I n d i a n  
S o c .  S o i l  S c i .  7 : 6 5 - 7 2 .
W a r in g ,  S .  A. and J . . M .  Brem n er .  1 9 6 4 .  Ammonium p r o d u c t i o n  i n  s o i l
under  w a t e r l o g g e d  c o n d i t i o n s  a s  a n  i n d e x  o f  n i t r o g e n  a v a i l a b i l i t y .  
N a t u r e .  2 0 1 : 9 5 1 - 9 5 2 .
W l j l e r ,  J .  and C. C. D e l w l c h e .  1 9 5 4 .  I n v e s t i g a t i o n s  on  t h e  d e n i t r i f y ­
i n g  p r o c e s s  i n  s o i l .  P l a n t  and S o i l  5 : 1 5 5 - 1 6 9 .
W i l l i s ,  W. H. and M. B. S t u r g i s .  1 9 4 4 .  L o s s  o f  n i t r o g e n  from f l o o d e d  
s o i l  a s  a f f e c t e d  by c h a n g e s  i n  t e m p e r a t u r e  and r e a c t i o n .  S o i l  
S c i .  S o c .  Amer.  P r o c .  2 4 : 4 4 7 - 4 5 0 .
W in o g r a d s k y ,  S .  1 9 2 4 .  Compt.  Rend. A ca d .  S c i .  1 7 8 : 1 2 3 6 - 1 2 3 9  ( q u o te d  
by A l e x a n d e r ,  1 9 6 1 ) .
W ln s o r ,  G. W. 1 9 5 8 .  M i n e r a l i z a t i o n  and i m m o b i l i z a t i o n  o f  n i t r o g e n  in  
s o i l .  J .  S c i .  Food A g r .  9 : 7 9 2 - 8 0 1 .
Yamane,  I .  and K. S a t o .  1 9 6 3 .  D e c o m p o s i t i o n  o f  p l a n t  c o n s t i t u e n t s  
and g a s  f o r m a t i o n  i n  f l o o d e d  s o i l .  S o i l  S c i .  and P l a n t  N u tr .
9 ( 1 ) : 2 8 - 3 1 .
Y a n a g l a a w a ,  M. and J .  T a k a h a s h i .  1 9 6 4 .  S t u d i e s  on  t h e  f a c t o r s  r e l a t e d  
t o  th e  p r o d u c t i v i t y  o f  paddy s o i l  In  J a p a n  w i t h  s p e c i a l  r e f e r e n c e  
t o  th e  n u t r i t i o n  o f  r i c e  p l a n t .  [ i n  J a p a n e s e ]  B u l l .  N a tn .  I n s t .  
A g r i c .  S c i . ,  T ok yo .  S e r .  B,  1 4 : 4 1 - 1 7 1 .
VITA
Muhammad E. Tusneem was born  on March 1 7 ,  1945 In J a l l a n d h a r ,  I n d i a .  
A f t e r  h i s  s e c o n d a r y  s c h o o l  e d u c a t i o n  i n  1 9 6 0  he e n t e r e d  i n t o  t h e  West  
P a k i s t a n  A g r i c u l t u r a l  U n i v e r s i t y  L y a l l p u r ,  t h e n  t h e  Punjab  A g r i c u l ­
t u r e  C o l l e g e  and R e s e a r c h  I n s t i t u t e .  In  1 9 6 4  he  g r a d u a t e d  w i t h  a
B . S c .  ( A g r i . )  d e g r e e  and was aw arded  a  S i r  W i l l i a m  R o b e r t s  M e r i t  S c h o l a r ­
s h i p .  He was a d m i t t e d  t o  t h e  g r a d u a t e  s c h o o l  a t  West P a k i s t a n  A g r i c u l ­
t u r e  U n i v e r s i t y  i n  1 9 6 4  t o  p u r s u e  h i s  M.S .  i n  S o i l  S c i e n c e .  In  1965  he  
a c c e p t e d  a SEATO P o s t - G r a d u a t e  S c h o l a r s h i p  l e a d i n g  to  an M.S .  d e g r e e  in  
S o i l s  a t  U n i v e r s i t y  o f  t h e  P h i l i p p i n e s .  I n  S e p t e m b e r ,  1 9 6 7  he came to  
th e  U n i t e d  S t a t e s  t o  p u r s u e  h i s  P h .D .  i n  Agronomy a t  L o u i s i a n a  S t a t e  
U n i v e r s i t y  under  an I n t e r n a t i o n a l  R i c e  R e s e a r c h  I n s t i t u t e  F e l l o w s h i p  
aw ard .  He i s  a t  p r e s e n t  a c a n d i d a t e  f o r  t h e  d e g r e e  o f  PH.D. i n  t h e  
D ep a rtm en t  o f  Agronomy a t  t h e  L o u i s i a n a  S t a t e  U n i v e r s i t y ,  B a to n  R o u g e ,  





EXAMINATION AND THESIS REPORT
Muhammad E. Tusneem
Agronomy
N i t r o g e n  T r a n s f o r m a t i o n s  i n  W a t e r l o g g e d  S o i l
Approved:
Major Professor and Chairman
- J a Z 2





December 2 2 ,  1969
